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PORTABLE ANDREX 160 kvp unit 








Easy handling, quick set up, and more radiographs 





per unit, make this portable light-weight unit 

in constant demand throughout the world. 
Powerful enough to go through 2” steel or § 
aluminium, the Andrex 160 weighs only 64 pounds 
— without sacrificing the lead protection. 40 


lighter, and 30°, smaller, than previous units of 





equal capacity, the Andrex 160 can pass through a 











12” hole, and can be easily carried in one hand. 





For those difficult inspections use the 

portable 160 kVp unit. 

Also available for panoramic exposures is the 
The Portable ANDREX 160, ANDREX 130, the 130 Auto- ANDREX 160 360° unit which is of the same low 
matic, the 200 and the 260 kVp X-ray units are weight and small dimensions as the standard set. 


manufactured by 


HOLGER ANDREASEN, Islands Brygge 4!. Copenhagen S., Denmark S\ ANDREX 27 
\ a 


Sole U.K. Distributors: B.I.X. LTD., HANOVER HOUSE, 73 HIGH HOLBORN, LONDON, W.C.! 
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DISHED 


FLANGED 
ENDS 


Fabrication of pressure vessels may be greatly 
facilitated by drawing upon Harvey resources 
for the production of die-pressed Dished and 
Flanged Ends. 

Capacities range from 6 in. to 9 ft. diameter. 
Edges are prepared for welding or riveting if 
desired. 

STOCK SIZES: Ends pressed from Boiler 
Quality or Ship Quality Mild Steel up to 4-in. 
thickness, in most sizes up to 7 ft. diameter, 
are normally available from stock. 
SEMI-ELLIPSOIDAL HEADS can be pro- 
duced on the Rotarpress; diameters § ft. to 
15 ft.; thicknesses # in. to 4 in. 

For details, please ask for List No. BWJ 965. 
























G. A. HARVEY & CO. (LONDON) LTD. Woolwich Road, London, S.E.7 GREenwich 3232 (22 lines) 





AUGUST, 1958 





















































The Portable ANDREX 160, ANDREX 130, the 130 Auto- 
matic, the 200 and the 260 kVp X-ray units are 
manufactured by 





with the 


PORTABLE ANDREX 160 «vp unit 


Easy handling, quick set up, and more radiographs 
per unit, make this portable light-weight unit 

in constant demand throughout the world. 
Powerful enough to go through 2” steel or 5” 
aluminium, the Andrex 160 weighs only 64 pounds 
— without sacrificing the lead protection. 40 
lighter, and 30°,, smaller, than previous units of 
equal capacity, the Andrex 160 can pass through a 
12” hole, and can be easily carried in one hand. 
For those difficult inspections use the 

portable 160 kVp unit. 

Also available for panoramic exposures is the 
ANDREX 160 360° unit which is of the same low 


weight and small dimensions as the standard set. 
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|, 
| and 
FLANGED 
ENDS 


Fabrication of pressure vessels may be greatly 
facilitated by drawing upon Harvey resources 
for the production of die-pressed Dished and 
Flanged Ends. 


Capacities range from 6 in. to 9 ft. diameter. 
Edges are prepared for welding or riveting if 
desired. 

STOCK SIZES: Ends pressed from Boiler 
Quality or Ship Quality Mild Steel up to }-in. 
thickness, in most sizes up to 7 ft. diameter, 
are normally available from stock. 
SEMI-ELLIPSOIDAL HEADS can be pro- 
duced on the Rotarpress; diameters 5 ft. to 
15 ft.; thicknesses 3 in. to 4 in. 

For details, please ask for List No. BWJ 96s. 
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FROM BRITISH OXYGEN — \ 1 FOR BRITISH INOUSTRY 


ARC LENGTH CONTROL 
New automatic 
Argonarc welding head 


po0n0000 





This new Argonarc welding head with 

arc length control adjusts itself automatically 
to undulations in the metal surface to maintain 
a constant arc length at a pre-set voltage . . . 
provides all-electrical features for complete 
welding cycle ... is suitable for use 

with A.C. or D.C. arcs and is voltage stabilized 
to the degree of plus or minus 10 volts... 

the control circuit is sensitive to a change 

in arc voltage of 0.05 volts . . . response 

time 4 cycles ...can be mounted for high quality 
circumferential, longitudinal or contour 























welding in the full range of metals associated 
with the Argonarc process. 
Write for fully illustrated literature. 














British Oxygen Gases Ltd., industria! Division, 
BRiITiIsEe ox YGEN | Spencer House, 27 St. James's Place, London S.W.1 
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are CASTEES’ 


Two types of ‘ENGLISH ELEcTric’ CASTEES welding electrodes have been developed for use 
on either A.C. or D.C. 


CASTEES ‘S.G.’ is particularly suitable for spheroidal graphite cast iron. It is easy to use and 
produces a nickel alloy deposit which, in general, is machinable without preheating and for 
strength welds it has a tensile strength matching that of the spheroidal graphite cast iron. 


CASTEES ‘N’ is a pure nickel type electrode for welding in all positions, resulting in a readily 
machinable deposit on cast iron without preheating. 


Technical information on ‘ENGLISH ELectric’ CASTEES electrodes is contained in 
Publication WA/120 which will be sent on request. 


ENGLISH ELECTRIC 


welding electrodes and equipment 








THE ENGLISH ELECTRIC Company LIMITED, MARCONI House, STRAND, LONDON, W.C.2 


Welding Electrode Division, Clayton-le-Moors, Accrington, Lancs. 


WORKS: STAFFORD - PRESTON . RUGBY BRADFORD . LIVERPOOL + ACCRINGTON 
WAE '1G8 
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MARSTON EXCELSIOR in the Service of Industry 


Marston’s have unrivalled experience in the fabrication of % Light Alloy Fabrication 

light alloys — of all shapes and sizes. Their products have % Specialised Engineering Assemblies 

earned a reputation for efficiency and reliability that is 4% Laminated Plastic Components 

world-wide. * Flexible Tanks * Radiators and Heat Exchangers 












This truck-container is designed 
to carry granular material of particle size 
approximately 4)". Special attention 

had to be paid to the fit of the door and 

the smooth finish of the interior. 

The body (}” plate ‘Kynal’ M 39 2) was welded by 
the argon arc and Argonaut processes. 










This 52’ tower weighs 10 tons and 
was fabricated in aluminium alloy by Marston 
Excelsior Ltd. — another example of the 
specialised products and comprehensive 
service that Marston’s provide. 





This radial sluice-gate is 6’ 6” wide 
and 6’ high. It is made of aluminium alloy, 

to minimise maintenance costs. To obtain 

a clean design free from any crevices where 
corrosion might start, the gate was welded by 
the argon arc process. It is believed 

to be one of the first examples in this country of 
a radial sluice-gate in welded aluminium alloy. 


MARSTON EXCELSIOR LIMITED 


FORDHOUSES, WOLVERHAMPTON. Tel: Fordhouses 3361 


(A subsidiary company of Imperial Chemical Industries Ltd.) man ws 
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OXYGEN 
CUTTING 
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For the BRISTOL BRITANNIA 





perfect welds are vital 


Few requirements in modern engineering are more 





exacting than those imposed on long-range aircraft 
such as the Bristol Britannia, with their arduous, 





non-stop operational schedules. Welds and castings 





in the aircraft are therefore subjected to rigorous 
tests in production by radiographic methods. For 
this vital scrutiny, Newton Victor industrial X-ray 
units are used. The Raymax 250 has been specially 
designed for industrial radiography either indoors or 





on open constructional sites, and in every branch of 
engineering where perfect welds are essential. Its use 
for the Bristol Britannia is one further demonstration 
of its reliability. 


The Newton Victor 
Raymax 250 positioned for 
examining an engine casting. 


NEWTON VICTOR X-RAY EQUIPMENT 
CHECKS THEIR INTEGRITY 





Newton Victor Limited X-Ray Sales Department of MET Ne) ne) LITAN- V | C KE RS 


LECTRICAL CO TO TRAFFORD PARK MANCHESTER, !7 





132 LONG ACRE, LONDON, W.C.2. 
An A.E.1. Company 
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ELECTRODES of every size and kind 


—mild steel electrodes, electrodes 


for welding high tensile steels, creep 


steels, manganese steel, cast iron, 
and non-ferrous metals—Quasi-Arc 
has them all, including 12 new 
electrodes listed here. 


resisting steels, corrosion resisting | 


For better welding 


and friendly service 


AUGUST, 1958 


Only QUASI-ARC offers you 
OVER 400 DIFFERENT ELECTRODES 


FERROMAX A new type of rutile base 
iron powder electrode depositing weld 
metal of low hydrogen content. For the 
first time — positior.al welding with an 
iron powder electrode. 

CELTIAN A _ universal iron powder 
electrode with cellulose covering; for 
general fabrication work and especially 
suitable for welding pipelines by the 
“Stove-Pipe”’ method. Conforms to 
American Welding Society Classifica- 
tion E.6010. 

CHROMOID No. 4 For all position 
welding of acid-resistant steels of the 
18/8/3 chromium/nickel/molybdenum 
class with or without Titanium or 
Niobium stabilization. 

CHROMOID No. $ Deposits full aus- 
teniticstainlesssteelof25 /20chromium/ 
nickel composition, the weld metal 
containing less than $°, Ferrite. 

f ( N 3 An all position 
electrode of the §5/45 nickel/iron class, 
intended specially for strength welding 
ordinary grey and special duty cast 
iron and “ductile irons”. The deposit 
is machineable. 
FERRON Ww pe) For welding 
mild steel in all positions; particularly 
for heavy sections or highly restrained 
joints, and for steel with higher carbon 





alloy or sulphur contents. The use of 
iron powder in a basic type covering 
gives greater economy 

PRESSURE VESSEL (new type 
Specially designed to deposit mild 
steel of the highest quality and to pro- 
duce welds which will show 100% 
soundness under radiographic exami- 
nation. For flat position butt and fillet 
welds and horizontal/vertical fillets 
with a mitre profile. Particularly suit- 
able for deep grooves. 

VORTIC (improved type) A universal 
electrode specially designed for good 
positional welding characteristics 
Features are a quiet arc with excellent 
stability and penetration, good slag 
control and very easy deslagging. 
DUROID No. 3 (new type) Basic 
covering ensures crack-free deposits. 
Gives weld metal with a hardness of 
700 V.PN. 
CHROMIUM—MOLYBDENUM 

BEARING LOW ALLOY TYPES 

Three creep-resisting, corrosion-re- 
sisting electrodes, the weld metal com- 
position of which corresponds to the 
low alloy steels used for high tem- 
peratureand high pressureapplications. 
The electrodes are: 1% Cr/}%Mo. 
24% Cr/$%Mo. ¥ 4/6% Cr/$%Mo. 


QUASI-ARC 


QUASI-ARC LIMITED. BILSTON - STAFFORDSHIRE 


~ 











More than equal to the extra service demanded 
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ORDER FROM THE a 


The General Electric Co, Ltd., Magnet House, Kingsway, London, W C.2 
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~ Head Office f 
_—~™ Temperalire and Factory 
EUTECTIC), “= 
WELDING ALLOYS rae 
plants. ‘‘Eutectic’’ is the originator and sole manu- g 
facturer of “‘Eucectic Low Temperature Welding 


Alloys {or bonding mecais at low beac, womning HATE Mma at 0 eee 













HISTORY OF “EUTECTIC LOW 
TEMPERATURE WELDING ALLOYS” 


Surface alloying at low heat was first discovered by 
““Eucectic’’ in 1904-used today in over 100,000 


at 


~ 


THE HISTORY OF “LOW 
HEAT INPUT” WELDING 


In 1904 the late J. P. H. Wasserman, 
a pioneer Swiss metallurgist, first 


XYRON 2-24 SAVES COSTLY SHUT-DOWN 


Fractures suddenly developed in the cast iron base 
of this cable hoist. Faced with a complete stoppage of 


4 





production and a lengthy repair job, the manufacturer 
used Eutectic Xyron 2-24. With this high quality, ‘‘Low 
Amp”’ electrode, the fractures were repaired in posi- 


observed the phenomenon of sur- 
face alloying during brazing operations. His son, 
Rene D. Wasserman, continued research and per- 


fected the new ‘‘surface alloying’’ metal joining tion. Dismantling and preheat were not necessary. 


and repair process. Today, advanced Eutectic Xyron 2-24 enables the heaviest and most complicated 
‘‘Low Temperature Welding Alloys"’ minimize or cast iron jobs to be ‘‘cold’’ welded in all positions. Pre- 
eliminate the distortion, warping, embrittlement, heat and after-cooling 


«LNdNI 1LV3H MOT> 








cracking and other undesirable metallurgical necessary with con- 
changes in base metals which can occur with ventional material are 
conventional high heat materials. Throughout eliminated. Xyron 2- 
Great Britain, a large force of factory-trained 24 operates at low am- 
technical representatives is bringing to industry perage A.C. or D.C., 
the benefits of Eutectic’s “Low Heat Input” gives an extremely 
Process. Take advantage of this free service by dense,smooth deposit, 
completing the coupon below and posting it to with a tensile strength 
us today. of 13} tons p.s.i. 








——. — . 


9 TON SHAFT OVERLAYED BY EUTECROD 185 IN 8 HOURS 


The bearing end of this nine-ton, 23 ft. stoker drive shaft was found to be 
badly worn, after 21 years of continuous operation. A large public utility 
company thought repair would be lengthy and expensive until Eutectic’s 
Technical Representatives suggested EutecRod 185, apatented BronzoChrom 
overlay with the highest resistance to frictional wear. EutecRod 185 repaired 
the shaft in only eight hours, with great savings in material and labour. 
The overlays were applied without raising the shaft above dull red in 
colour, and EutecRod 185 bonded without fusion of the base metal at 
between 540° and 650°C. 

EutecRod 185 whilst harder and tougher than conventional overlays is fully 
machinable. Characteristics include high ductility, low coefficient of friction 
* < and excellent resistance to corrosion with highest resistance to wear and 
impact. 


EUTECTIC WELDING ALLOYS CO. LTD. 


NORTH FELTHAM TRADING ESTATE - FELTHAM - MIDDX - Phone: FELtham 6571 
NEW YORK - LAUSANNE - FRANKFURT (m) > PARIS * MONTREAL + SAQ PAULO ~ MEXICO 


SR tertiantntie serge Ee ey 


EUTECTIC WELDING ALLOYS CO. LTD., 
NORTH FELTHAM TRADING ESTATE - FELTHAM - MIDDX. 


| would like further free information on the following : 
EutecRod Free 180 page pocket 
LJ “tasec L) xvRON 2/24 (_] Welding Data Book 
Please send your Technical Representative for free 
consultation/demonstration. 
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SWI1GOUd NOILINGOUd FAIOS “UIVdaIH GNV JOVATVS AG 
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NAME 


YOd GAILVINWUOA «SAOTIV ONIGIZM JUNLVUAdWAL MOT> 911931N3 
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These are a few of the 


many examples of steel 

STEEL FABRICATIONS fameaeutacrsts 
Douglas Barnes for the 

machine tool and wood- 


oe. . PROFLE CcUuTTiNng working trade. This 
| il 
SHOT BLASTING & ZINC SPRAYING alse appies te & 


trades which require 
can be offered steel fabrications 














May we have the pleasure of quoting for your fabrications - either prototype or batch quantities? 


DOUGLAS BARNES LTD. Voncciin O TeterHone: 200 & 972 




















SWEDISH 


ELECTRIC WELDING CO. LTD 








e 
‘e 


FIRST GLASS WELDING UNDER te Sy, 
THE STRICTEST SUPERVISION . 


We have ample facilities for handling top-grade 
welding repairs to boilers, castings, machine parts, 
etc., with expert technicians, for Fabrication work, 
Structural Steel work, Tank construction and 
Electric Stud Welding. 


ANGLO-SWEDISH etectric wetoine co. itp 


Head Office: WOOD WHARF - GREENWICH « LONDON SE10 
Telephone: GREenwich 2024-5 
Phone, Call or write us NOW for immediate service 
LONDON - GLASGOW : LEITH 
NEWCASTLE - LIVERPOOL 










COLOUR 
BROCHURE 


THIS DESCRIPTIVE COLOUR 
BROCHURE SENT FREE ON 
REQUEST 
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OPERATOR’S PLATFORMS 
CYLINDER ROTATORS 
POWERED POSITIONERS 
CLAMPING MACHINES 
WELDING PLATENS 


Courtburn positioners and rotators cut work 
handling costs in welding shops to a mini- 
mum. They enable bulky fabrications to be 
placed in ideal welding positions in the short- 
est possible time, and without the frequent 
use of cranes and manpower. The operator 
simply presses a push-button and the work- 
piece moves quickly into position. 


Cylinder rotators, similar to the 5 ton 
capacity set illustrated, are made in different 
sizes to accommodate maximum loads of 
2 tons to 200 tons. Each set will handle a 
wide range of vessel diameters, and is pro- 
vided with a variable speed range suitable for 
manual and automatic welding. 


Positioners are made for all load capacities 
from | cwt, upwards. Model illustrated is of 
5 tons capacity at 6 in. centre of gravity and 
6 in. eccentricity, and can be supplied either 
as a single speed version for positional weld- 
ing or with a variable speed range for cir- 
cumferential welding. 


Every type of work handling equipment for 
welding is made by Courtburn, the firm with 
a world-wide reputation for building up to a 
high standard instead of down to a low price. 


DURTBURN 





POSITIONERS | POSITIONERS LIMITED | 


Please write for a complete catalogue to C 


KEMPSTON HARDWICK, BEDFORD 
Telephone: Kempston 2341 
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STEEL 
FABRICATIONS 


THOS. 
MARSHALL 





AND SON LTD. 


lilustrated above is a Pressure Tank , 
‘ THOS. MARSHALL & SON LTD 
WELLINGTON BRIDGE, LEEDS, 12 


Telephone: 32186 (5 lines) Grams: ‘Cisterns’ Leeds 12 

















To Photographic and Radiological Departments: 


Anew PU RHYVYPO 


Silwer Recovery Unit 


PURHYPO - for many years recognised as the simplest 
method of regeneration of the photographic fixer and 
recovery of silver - now comprises a new and simpler 
equipment. 





¥*no moving parts 
¥*no risk of frothing 


¥* negligible current 
consumption 


Just fix the rectifier unit on a wall conveniently near the fixing tank, 
and suspend the electrode assembly in your tank. If fixing space is too 
small, the electrodes can be fitted after working hours, or in a separate 
reserve tank to which exhausted hypo is transferred for regeneration. 

The deposit on the stainless steel strips of the cathode can be easily 
removed in the form of flakes of pure metallic silver. 


Recover the silver. Saves fixer. Improves fixing time 


Sole Agents for British Commonwealth: 
D. PENNELLIER & COMPANY 
LIMITED 


28 HATTON GARDEN, LONDON, E.C.1 
Telephone: HOLborn 4064 CHAncery 4681/2 
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Between 
experts 











\X-RAY FILMS 


FOR INDUSTRIAL RADIOGRAPHY 
ILFORD LIMITED - ILFORD - ESSEX 
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TECHNICAL NOTES: NO. 2: 


NON-FERROUS METALS 


Welded evaporator shell fabricated 
from 1.C1. copper sheet by Messrs 
Caird and Rayner Litd., London. 


Welding Copper 


The difficulties previously associated with 
welding copper have been largely overcome by 
the advent of inert-gas arc welding processes. 
The need for post-welding treatment is obviated, 
and joints with mechanical properties similar to 
that of the parent metal can be made by argon- 
or nitrogen-shielded tungsten arc welding or by 
argon-shielded metal arc welding. 

For these processes, I.C.I. Metals Division 
has developed special filler rods and wires— 
‘Argofil’ for argon arc welding and ‘ Nitrofil’ for 
nitrogen arc welding. 


IMPERIAL CHEMICAL 


METALS 
DIVISION 


M.13 





INDUSTRIES, 


Imperial Chemical Industries Limited, Metals Division, 
produces large tonnages of non-ferrous metals and alloys for 
brazed and welded assemblies, and a wide range of rods and 
wires for brazing and welding. 

The Company’s Research Department has for many years 
carried out development work on the joining of metals. The 
experience gained is freely available to all interested in 
this subject. 


Macrograph illust- 
rating quality of weld 
which is easily obtain- 
ed in I.C.1. phos- 
phorus - deoxidised 
copper, using the 
argon-shielded metal 
arc process and 


‘Argofil’ wire. 





LIMITED, 


LONDON, 


Ss.W.I. 
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Cutting 22” steel with 


‘ 
‘ 


PYROGAS 


This photograph was taken at the Dennystoun Forge, Dumbarton and also manufacture 
Saturn High Purity Argon 


— = 


shows machine cutting of a 22” diameter steel shaft. The fuel gas—Pyrogas, tafen sats 
anda full range of cutting 
and the B.G.T. cutting nozzle were both supplied by Saturn Industrial and welding equipment 


Gases Limited. including Saturn-Hivolt 
: Surge injector Argon Arc 
Pyrogas—the versatile fuel gas—is unsurpassed . 
Welding Units. 
for cutting, heating, brazing and metal spraying 


and has been proved in industry for many years. We give daily deliveries of 
SUPER-PYROGAS, with its patented chemical Gases, supply equipment, 


and provide a prompt 


additive, has a higher flame intensity than Pyrogas 


repair service from all 
and is used particularly for machine cutting. our branches. 


SATURN INDUSTRIAL GASES LTD 


Group Head Office: Gordon Road, Southall, Middiesex. 


Branches: Birmingham, Glasgow, Lymington, Manchester, 





Sheffield, Sunderitand, Thornaby-on-Tees. 


BRITISH WELDING JOURNAL 








BRITISH WELDING JOURNAL 


OFFICIAL JOURNAL OF THE INSTITUTE OF WELDING 


AND THE BRITISH WELDING RESEARCH ASSOCIATION 


Incorporating the TRANSACTIONS of the Institute and WELDING RESEARCH 


AUGUST 1958 Volume 5 
Number 8 


Subscriptions 

Members free: 

Extra copies at 7s. 6d. each 
Non-Members: 

£5 per annum 

Single copies 10s. each 


Published Monthly 


Editor-in-Chief: G. PARSLOE, M.A. 
54 Princes Gate, London, S.W.7 
(Knightsbridge 8556) 


Executive Editor: 

C. ROWLAND HARMAN, B.Sc. (Eng.) 
Editech 

24 Smarts Heath, Woking, Surrey 
(Woking 2981) 


Advertisement Offices: 
4 Grosvenor Gardens, London, S.W.1 
(Sloane 0063) 


Note: Editorial contents copyright. The Institute 
of Welding and the British Welding Research 
Association do not hold themselves responsible 
for statements made or opinions expressed 

in articles appearing in this Journal. 


CONTENTS 


INSTITUTE OF WELDING 


Current and Pressure Wave Shapes used in Resistance 
Welding By W. A. Knipe 


Development of the Tungsten Arc Cutting Process 
By R. A. Cresswell 


Correspondence on Reinforced Holes in Pressure Vessels 
Report of Council for 1957 


Application of the Numerical Analogue System to Oxygen 
Cutting Machines By L. J. Hancock and J. R. Arrowsmith 


INTERNATIONAL INSTITUTE OF WELDING 
Co-operative Work on Brittle Fracture—Commission IX 


Automatic Welding of Aluminium Plate 
By J. E. Tomlinson and D. Slater 


BRITISH WELDING RESEARCH ASSOCIATION 


Properties of Fusion Welds in Unalloyed Titanium and 
Ti—5 °,Al—2}4 °.Sn Alloy Sheet 
By J.C. Borland and W.G. Hull 


NEWS AND ANNOUNCEMENTS 


CURRENT WELDING LITERATURE 





The Institute of Welding 





54 Princes Gate, London S.W.7 


At 4 4 


fe F yy 
hs A A 
eo 


British Welding Research Association 29 Park Crescent, London W.1 





AUGUST, 1958 17 








ay 
Le, 


‘C3 eh Aled, @m a -lejigelel— 


‘SYLVICK'’ 


METROPOLITAN -VICKERS 


BRITISH WELDING JOURNAL 














Welding 


TECHNOLOGY 


341 





AUTUMN MEETING 1958 





Current and Pressure Wave Shapes used 


in Resistance Welding 


By W.A 


“ 


SYNOPSIS 
THe use of new materials in fabricated construction has led to 
an increasing demand for more accurate and complete control 
of the welding time and pressure cycles in resistance welding 
machines. 

Various wave forms are described, and it is shown how 
dekatron timing units have simplified the circuitry in modern 
Ww elding machines. 

The application of resistance welders to hot riveting is 
described and details are given of machines designed to take 
load from all phases of a 3-phase supply. 


able change in welding machine controls. The 

advent of new materials and designs, each 
having their own particular welding and production 
problem, has necessitated the development of machines 
with elaborate current and pressure wave forms, per- 
fect control of both welding current magnitude and 
time, and with accuracy of control and consistency of 
welding pressure. 


CONTROL OF WELDING CURRENT 

The early spot welder was frequently used without 
any timing device, the period of welding being under 
the control of the operator. Although these operators 
did develop considerable skill, there was generally a 
risk that a weld would be under or over timed, with 
resulting poor quality. However, as the material used 
was invariably mild steel, which has a wide welding 
range, and the welds were very lightly stressed, pro- 
duction was able to proceed. 

The first timers that were fitted to machines were 
generally of the dashpot or clockwork types, but with 


O= the past few years there has been consider- 
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the need for greater accuracy they were replaced by 
resistance capacitance timers and nonsynchronous 
electronic controls. These timers have a single func- 
tion: to measure the length of time of welding current 
flow, or forge or hold time, and off time between 
welds. They generally work in conjunction with 
mechanical or ignitron contactors, and give satis- 
factory results and service for simple spot or projec- 
tion welds in mild steel, commercial aluminium, etc. 

The expanding use <f heat-treatable and heat- 
resisting materials, such as those employed in the 
aircraft and jet engine industries, has called for 
machines having timing controls of extreme accuracy 
and complex wave forms 

These machines are often fitted with controls that 
not only measure the weld time and magnitude, but 
also give preheating and postheating currents, ‘slope- 
in’ and ‘slope-out’ for the welding current, cool times 
between various heats, and variable pressure cycles. 

Some of the combinations at present in use are 
exemplified in Figs. 1-3. Figure | shows a control 
having 3 heat settings; preheat, weld, and post-heat 
or anneal. Each control is independently adjustable 
for time and magnitude, and although a cool period 
is shown between each heat, this is not necessary. The 
change of heat value then follows immediately the 
preceding timer has timed out. Further, if either the 
preheat or postheat values is to be higher than the 
weld value, or alternatively if there are to be two or 
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more weld impulses, this is possible by correct setting 
of the controls. 

Increasing use is being made of slope-in and slope- 
out wave forms as shown in Fig. 2. The slope-in has 
the effect of preheating the component; this is 
followed by the welding current, and finally by the 
slope-out, which may be used as an annealing current 
or as a means to eliminate cracking from any quench- 
ing effect. 
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1—Three heats with variable pressure cycles 
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2—Heating current having ‘slope-in’ and ‘slope-out’, and variable 
pressure cycle 
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3—‘Current-squared’ wave shape 


he slope-in of the single-phase welder has not been 
the complete answer to all the problems that initiated 
its introduction. Figure 3 shows the heating effect 
(proportional to the square of the current) corre- 
sponding to this current cycle, and it is evident that 
the ‘peaky’ heating condition, although somewhat 
reduced, is still present and is capable of giving un- 
desirable weld results. 


CONTROL OF WELDING PRESSURE 


_ During the operation of these various current condi- 
tions the welding pressure may be varied to give 
optimum forging conditions. The welding pressure 
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cycles may include a high squeeze pressure to ensure 
intimate contact between the components, followed 
by a reduced pressure which will increase the electrical 
resistance during the welding current flow and there- 
fore increase the heat generated, and finally a high 
pressure introduced near or at the end of the weld to 
provide a forging action. 

Machines fitted with panels controlling complex 
current cycles are usually engaged on the welding of 
highly stressed and important primary structures, and 
it is therefore essential that the electronic sequencing 
devices and timing units should be synchronous and 
capable of repeating their sequences with extreme 
accuracy. 

This has been made possible by the use of the 
Dekatron valve, which acts as a cycle-counting device 
and gives an easy means of synchronizing the initi- 
ation of a current in relation to the supply wave shape 
and frequency. 

The use of this valve has allowed a considerable 
simplification of timing circuits. It is quite common 
for one Dekatron timing unit to be used to control all 
the various time functions in a current or pressure 
cycle, each function having its own time-setting con- 
trols and being independently adjustable; a master 
Dekatron counting device counts the individual func- 
tions and acts as a switch from one function to the 
next. By this means it is possible to have as many as 
20 separate functions on a control panel, which in- 
corporates only 2 basic timers and 2 function counting 
valves. These separate functions each have indepen- 
dent and variable times. 

To control the value of welding pressure on 
machines of this type it is essential to eliminate as 
many of the variable factors as possible. The major 
variables are friction of the cylinder seals and bear- 
ings, air leakage past seals, and lack of welding 
pressure caused by a slow follow-up from the inertia 
of the moving electrode as the weld slug is forged. 

The friction and leakage of the seals is now over- 
come by the use of diaphragms, which are specially 
designed to give adequate electrode stroke with fric- 
tionless operation. The friction of the moving ram is 
reduced to a minimum by the use of ball or roller 
bearings acting on a ground steel ram. The pressure 
can thus be reproduced with extreme accuracy, and a 
a pressure variation ratio of 1:2 can be introduced 
within 14 cycles. A further method of improving 
follow-up of the moving electrodes, especially for 
projection welding, is by the use of compression 
springs inserted between the pressure cylinder and the 
ram. These springs should be capable of carrying the 
maximum welding pressure provided by the cylinder, 
and should be designed to give high deflection for a 
small increase of load. With air applied to the cylin- 
der, the electrode will contact the components and 
the spring will deflect until it is loaded to the same 
value as the cylinder force. Immediately the projec- 
tions begin to collapse the pressure of the spring 
rapidly drives the moving electrode down to follow up 
the collapse. Pressure is therefore applied to the 
heated projection throughout the whole of the col- 
lapsing period. 

Slope-in is often used where badly fitting parts are 
encountered. The application of welding pressure 
alone is not always sufficient to bring the materials 
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into close contact, but by applying a preheating cur- 
rent in the form of slope-in the components are made 
ductile and are brought together before the full weld- 
ing current value is reached. The application of this 
wave form is increasing, for it reduces wear on elec- 
trodes and eliminates the risk of ‘blowouts’ at the 
electrodes caused by gaps between the parts being 
welded. 
HOT RIVETING 

An interesting application of variable currents and 
pressures is the use of resistance welders for hot 
riveting and upsetting. 

A resistance welding machine is ideally suitable for 
hot riveting, for it combines a clean and easy method 
of applying heat to the rivet by the passage of an 
electrical current through it, and also has the necessary 
variable pressure systems as an integral part of the 
machine, ready to collapse the rivet immediately the 
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4—Three-phase three-winding transformer elementary circuit 


required heat has been established. The handling of 
hot rivets is therefore eliminated, and a much closer 
control of temperature at the time of upsetting is 
assured. 

When a heating current is applied to a rivet, the rate 
of heating is not uniform, nor is the temperature rise 
constant over the whole of the rivet shank. Because of 
the larger mass of the workpiece and because the 
water cooled electrode is in contact with the rivet 
shank, these areas will be cooler than midway 
positions. 

If a constant pressure of sufficient magnitude to 
collapse the rivet is applied at the initiation of heating 
current, collapse of the rivet will commence imme- 
diately the midway point has become plastic. This 
collapse will increase the diameter and area of the 
rivet and there will be a reduced heating effect 
resulting from the decrease in electical resistance. In 
practice, it is very difficult to obtain satisfactory 
results when this condition prevails on the larger size 
rivets, for it is almost impossible to make the rivets 
collapse and form tight seals between the rivet heads 
and the workpiece. 

The disadvantage of this premature collapse is 
overcome by applying a pressure to the rivet, which is 
only sufficient to maintain electrical contact between 
the moving electrode and rivet shank. This light pres- 
sure is insufficient to collapse the rivet during the 
heating period but allows the shank to become hot 
first at the midpoint between electrodes and the com- 
ponents. The heat from this midpoint then spreads by 
conduction to the shank-end at the electrode, and also 
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to the workpiece, giving a uniform heat over all the 
effective shank length. As the required maximum heat 
is reached, the light contact pressure is replaced by a 
heavy upsetting pressure, which immediately collapses 
the rivet. The heating current may be terminated any 
time after the commencement of the collapse of the 
shank. 

With the combinations of resistances and heat 
gradients encountered on various applications of hot 
riveting it is sometimes found that improved results are 
obtained by varying the rate of heating. This can be 
done by using any of the preheating, postheating, or 
slope controls, as already described. 


5—Wave shape of welding current in frequency-converter type 
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6—Wave shape of welding current with current decay in fre- 
quency-converter type machines 


THREE-PHASE FREQUENCY-CONVERTER TYPE 
WELDERS 

Appreciation of the need for the control of wave 
form and for distributing the power demand over all 
phases of a supply, was the reason for the invention 
and development of the ‘moduwave’ 3-phase welding 
machine. Unlike convential welders, machines of this 
type rectify the current from each phase, and by means 
of electronic controls, feed the welding transformer 
with a single-phase supply of low frequency. Figure 4 
shows the simplified arrangement of the primary and 
secondary circuit of a 3-phase welder. 

The three primary coil groups are represented by 
Cl, C2, and C3, and the secondary by C4. The rectifier 
tubes (ignitrons) Al, A2, and A3, and B1, B2, and B3 
allow current to flow in one direction only. 

In operation, ignitrons Al, A2, and A3 are made 
conductive first. Current will flow from line 1, through 
ignitron Al, through coil C1 and will return to line 3. 
When the anode voltage of tube A2 rises above that 
of Al, A2 will begin to conduct, and current will then 
flow from L2 through ignitron A2 through coil C2, 
and will return to line 1. When the anode voltage of 
ignitron A3 rises above that of tube A2, tube A3 will 
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8—Typical three-phase frequency-converter panel with 
doors and trays open to show ease of maintenance 


begin to conduct and current will then flow from line 
L3 through A3 through coil C3, and will return to line 
L2. Current through each of these coils is in the same 
direction and will produce magnetic flux in the core 
in the same direction. The increase in flux will induce 
across the secondary an electromotive force which will 
cause a heavy flow of current through the secondary 
circuit. At the end of the desired impulse time, igni- 
trons Al, A2, and A3 will be made non-conductive. 
Ignitrons BI, B2, and B3 are now made conductive 
for the next impulse, and the sequence continues as 
described. As the current is now flowing in the reverse 


7—Typical single-phase control panel giving 
various heat and pressure cycle curves 
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9—Three-phase frequency-converter panel and machine 
for use on heavy-gauge steel alloys 
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direction between coils C1, C2, and C3, the magnetic 
flux is built up in the opposite direction to the previous 
firing and the electromotive force induced in the 
secondary will be in the opposite direction, thus creat- 
ing a flow of current in the secondary circuit opposite 
to the previous impulse. The magnitude of the 
secondary current is controlled over a very wide range 
by means of phase-shifting the firing point of the 
ignitron tubes. 

Figure 5 gives the wave shape of the secondary 
current resulting from this method of rectification. 
Each impulse has a slope-in characteristic, with the 
added advantage that there are none of the 50 cycle 
peaks and zero conditions previously described and 
illustrated in Fig. 3. This type of machine is therefore 
ideally suitable for welding materials which would be 
adversely affected by the sudden cooling encountered 
in single-phase 50-cycle machines. 

The rate of increase in current can be controlled by 
the design of machine as also can the magnitude and 
duration of the weld impulse. If it is necessary to pass 
more than one impulse to make a weld, then a second 
and third, or more impulses of different polarities may 
be delivered to the workpiece. Intervals of any length 
may be inserted between each impulse or, if it is de- 
sired, one impulse may be followed by another without 
any ‘off’ time. 

Current decay or slope-out is added to this machine 
by controlling the phase angle of firing of the ignitrons 
at the end of each weld impulse. By this means a 
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welding current curve as shown in Fig. 6 is obtained. 
The time and rate of decay is adjustable to suit any 
welding condition that may be desired. 

The reduction of frequency of the welding current 
has resulted in a much more even distribution of 
welding current flow over the whole of the weld area. 
This is due to the near elimination of the skin effect of 
the 50 cycle and higher frequency welders, which often 
resulted in welds of inferior quality owing to uneven 
heating. This condition also gives rise to excessive and 
uneven electrode wear resulting in inconsistent welding 
and undue maintenance of electrodes. 

Dekatrons are exclusively used for the accurate 
control of all these sequences, and special ignitron 
firing circuits are employed. By these means it is 
possible to control and reproduce consistent welding 
cycles of intinite complexity and times with errors that 
are never more than two degrees out of phase with the 
50 cycle supply. 

Many machines are now in operation which are 
fitted with control panels having facilities for slope-in, 
weld, slope-out, preheat, postheat, pulsation welding, 
and one, two, and three pressure cycles (Figs. 7-9). 
Any of these separate functions can be included or 
excluded at will by means of switching devices, and, 
therefore, in machines of this type facilities are imme- 
diately to hand to produce welding cycles of any form 
desired. By the use of these complex wave forms, it is 
now possible to produce welds of excellent quality on 
materials which were once thought to be unweldable. 
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A Report of Commission 1X —Behaviour of Metals subjected to Welding 


Experimental studies by Sub-Commission A, on comparisons 
between the Van der Veen and the Charpy tests for the assess- 
ment of notch-ductility of steels, have shown that certain steels 
can be classified differently by the two tests. 

A statement from the Sub-Commission, approved by Com- 
mission IX, indicates that, in comparing the various tests, care 
should be taken to ensure that the basic standard of comparison 
is sound. Different tests will give results which are spread over 
different temperature ranges. That is to say, identity of transition 
temperatures is unlikely, since the tests appear to be measuring 
different properties of the steels. Thus to say that the transition 
temperature measured according to one test occurs at different 
levels of the property measured by another test is of little practi- 
cal significance unless it can be shown that one of these tests 
affords a reasonable guide to service behaviour. It is too much 
to expect an infallible guide in this respect, since service be- 
haviour depends so much on design and practice in fabrication. 

The test results suggest that different properties are involved 
in these assessments of steel performance, and it may be that 
each new test is related to some further aspect of steel behaviour: 
in short what is measured is the reaction of the steel to the 
conditions of the particular test, and nothing else. 

From this, it would appear that all the tests are generally 
related to brittle facture phenomena, and should rate the steels 
in a consistent order of merit, but it has previously been de- 
monstrated that such a simple relationship does not apply, 
except for comparisons of steels from a limited range of 
‘quality’, i.e. of composition and method of manufacture. It is 
when inversion of order of merit occurs that the main difficulties 
in interpreting test results arise, i.e. when one test rates steel XY 


as superior to steel Y, while another test rates Y as better than X, 
Both cannot be absolutely right, and attempts to clarify the 
position by using more varieties of test have so far only shown 
that significant scatter exists for all the main tests examined. 
This confirms the suggestion made earlier, that each test is an 
individual assessment of steel properties, and is only related to 
any of the other tests in a very general way. 

Various improvements in steei quality have been based on 
one or more of these tests. On present knowledge, it seems that 
improvement in any one of the properties measured by the tests 
provides additional safety in a structure made from the im- 
proved steel. Further safety is almost certainly obtained when 
improvements are shown by all tests. Several types of steels are 
available which show such general improvement. 


Conclusions 

(1) In the general class of ‘ordinary’ mild steels, and for many 
other types, all tests rate the steels in approximately the same 
order of merit. For the various improved structural steels, some 
methods of manufacture improve one property more than 
another, but such individual improvements seem to give added 
safety to structures. An improvement in all assessments is pre- 
sumed to give a greater degree of safety. 

(2) Identity of transition temperatures from one test to ano- 
ther, or from a test to service should not be expected, as each 
test or structure subjects the steel to unique conditions; never- 
theless, some correlation may be established. 





This note is extracted from Document ITW/IIS-3-58 (ex [X-198-57) released 
for publication in April 1958. 
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Development of the 
Tungsten-arc Cutting 


Process 


By R. 1. Cresswell, VU Sc.., Ph.D., FAM. 


tr has been known for some time that the tungsten 

| arc in argon, although primarily used for welding, 
can be used for cutting or severing metals. Hull! 
reported cutting trials on aluminium and other 
materials using standard argon-arc equipment. How- 
ever, using equipment designed for welding, very wide 
cuts of rough surface quality and with drossing on the 
underside are produced (Figs. | and 2). The electric 
arc has been used for cutting or severing for many 
years, as exemplified by the Arc-air process, which 
s a carbon electrode and a jet of air, and the Oxy-arc 
cess, which uses a hollow steel electrode with a 

x coating on the outside: oxygen is passed down the 
tre of the electrode. With both these processes, the 
vidths obtained are large and the cut surfaces are 

h with dross on the underside. Cutting speeds are 
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1—Cut surfaces on } in. and } in. aluminium, and } in. stainless 


steel plate (right) using standard argon-arc welding torch 
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THE development of the tungsten arc cut 
ting process, which utilizes a constricted 
arc in nitrogen or nitrogen hydrogen 
mixtures, is outlined. The equipment re- 
quired is described and the results ob 
tained from tests on a wide variety of 
materials are discussed. The process pro- 
duces clean cuts at high speed on materials 
which include aluminium and its alloys, 
stainless steel, and and 


copper copper 


alloys. Economic considerations show the 
process to be very attractive for cutting 
stainless steel. 


The 


copper and its allovs, and stainless steel 


‘as-cut’ surfaces of aluminium, 
are considered suitable for welding without 
any further preparation. 

Possible health hazards are outlined and 
it is concluded that no danger trom fumes 
should be experienced provided that nor 
mal precautions are taken to ensure ade 


quate ventilation. 


also comparatively slow, and too much metal is 
melted out in achieving a cut. 


THEORY OF ARC CUTTING 

The main requisite of the process is a long, thin, 
concentrated arc, which is produced by passing the arc 
and gas stream through a constricted orifice. The action 
of this arc, which is in the nature of a combined arc 
and high-temperature, high-velocity gas jet, appears 
principally to be one of first melting rapidly a narrow 
strip of material and then blowing out the molten 
material by the high-velocity jet. The gas velocity is 
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2—Kerf widths of cuts on } in. aluminium plate using standard 
argon-arc torch. Left: } in. nozzle. Right: | in. nozzle 
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high because the gas is heated to a high temperature 
and its expansion gives rise to a large increase in 
velocity. Empirically, the speed of the exit gases is 
proportional to +/(7/M) where T is the absolute 
temperature and M is the molecular weight of the gas. 
Obviously therefore, one effect of addition of a low 
density gas, such as hydrogen, is to increase the jet 
velocity for the same overall gas consumption. This is 
not the only effect of hydrogen, however, as it also 
appears to give a higher voltage, longer, and hotter arc. 
This is probably due to its high ionization potential on 
the one hand and its being a diatomic gas on the other. 
Increased heat input (improved heat transfer) to the 
workpiece (anode) probably occurs owing to dissocia- 
tion of the hydrogen in the arc and its re-association at 
the anode. It is also possible that the hydrogen has 
some chemical effect in providing a reducing atmo- 
sphere, which either prevents the formation of oxide 
on the surface or reduces any oxide formed. It has 
been noted in experiments that the surfaces cut using 
mixtures containing hydrogen tend to be cleaner than 
those where inert gas only is used. 

The main electrical factor influencing the thickness 
of material that can be cut is the arc voltage. This 
determines the length to which the arc can be extended, 
and it appears necessary for the arc length to approach 
the thickness of the material being cut so as to obtain 
a clean relatively straight-sided cut with no dross or 
overheating of the bottom edge. In the thickness range 
4 to 2 in. the available arc length must be within 
about } 
current for the same arc voltage does not appreciably 
affect the thickness that can be cut but merely leads to 
a widening of the kerf and overheating at the bottom 
edge. 

For the easy maintenance of an arc with a non- 
consumable electrode, it is necessary to have some 
tolerance in the arc-voltage/arc-length relationship, so 
that a ‘drooping’ voltage source tending towards 





(b) 


(c) 


in. of the material thickness. An increase of 





347 


constant current conditions must be used; a power 
source with an approximately 45° droop on the volt/ 
ampere characteristic has proved to be suitable. To 
operate at the relatively high arc voltages required 
(60-100) a power source with a high open circuit 
voltage is necessary. 


DEVELOPMENT OF THE TUNGSTEN-ARC PROCESS 

It was noted early in the investigations that a decrease 
in the nozzle diameter, producing a narrower gas 
stream, had a marked effect in reducing kerf width 
(Fig. 2). It became obvious that this tendency had also 
been appreciated in the U.S.A. with the announce- 
ment of the Heliarc cutting process.* This employs a 
concentrated arc shielded by argon/hydrogen mixtures. 

No really marked improvement in the quality and 
speed of cutting was achieved, however, until the 
electrode was retracted inside the nozzle. With the 
electrode tip outside or substantially flush with the 
nozzle, the arc spreads out into a cone and its heat is 
dissipated over a relatively wide area, resulting in a 
wide melted zone. With retraction inside the nozzle of 
f;—4 in. or more, the arc becomes constricted into a 
nearly parallel-sided jet. As a result, the heat of the 
arc is concentrated over a small area and the resultant 
cuts are faster, narrower and cleaner. 

Retraction of the electrode brings with it certain 
problems of arc stability and maintenance. Higher arc 
voltages are required to maintain the are discharge 
and also when the gas velocity past the arc exceeds a 
certain value the ionised gas seems to be swept away 
more quickly than the arc can be reformed. This latter 
factor results in instability and eventual extinction of 
the arc. Yet a reasonably high gas velocity is required 
to ensure good removal of molten metal from the cut. 

The answer to these problems lay in the provision of 
an auxiliary supply of ionised gas. This was best 
effected by using a pilot arc inside the gas shield. In the 
early experiments this was provided by means of an 
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3—Typical kerfs produced by tungsten-arc cutting with nitrogen hydrogen mixture: (a) 4 in. aluminium plate at 150 in. min; (b) 4 in. 
stainless steel plate at 30 in. min and with auxiliary air jet; (c) | in. copper plate at 80 in. min 
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auxiliary (pilot arc) electrode, which was connected to 
the workpiece through a low resistance limiting the 
pilot arc current to about 10-20 amp. It was later 
found more effective to make the nozzle itself act as 
the pilot arc electrode. This resulted in an annular 
discharge which, due to its geometric uniformity, gave 
more reliable arc striking and stabilization. 

Retraction of the electrode within the nozzle also 
gave rise to considerable problems of nozzle erosion, 
and a great deal of attention had to be paid to nozzle 
design and materials of construction. 

The gases used initially were argon and argon/hydro- 
gen mixtures (25-45% hydrogen). As already stated, 


_——1 









+—TORCH BODY 











ELECTRODE 
COOLING COOLING 
WATER WATER 








IN OUT +. 








G 
4—Torch 





5—Prototype hand-cutting torch 


BRITISH WELDING JOURNAL, AUGUST 1958 


hydrogen was found to give an increased arc voltage 
and a hotter, longer arc. It was subsequently found 
that argon could be replaced by nitrogen to produce 
equally good results. With nitrogen or nitrogen/hydro- 
gen (25-50%) mixtures the only change necessary in 
the electrical circuit was the reduction of the pilot arc 
resistance to a value of some | 4—3 ohms instead of the 
8-15 ohms used for argon or argon/hydrogen. 

With either nitrogen or argon-based gas shields it 
was found that the arc voltage required could not be 
supplied by conventional welding power sources. It 
was necessary to operate arcs at voltages in the region 
of 60 and over at currents of over 250 amp. The power 
source required is necessarily a ‘drooping voltage’ 
type and therefore an open circuit voltage of about 
110 is required to achieve the desired arc pressure. 
For the experimental work, two 400-amp metal 
rectifier sets, each of 55 V open circuit, were connected 
in series. 
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6— Exploded view of hand-cutting torch 
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The resultant cuts, made at high speed (e.g., 
250 in./min for } in. aluminium), were of excellent 
quality. Figure 3 shows typical cut surfaces on 
aluminium, stainless steel, and copper. 

Stainless steel and other materials of relatively high 
melting point and relatively low heat conductivity 
presented special problems, for the lower edge of the 
cut tended to overheat and the metal ran back and 
bridged the gap behind the arc and also formed a 
series of droplets or dross on the underside. This can 
be overcome by: 

(a) Providing extra cooling 

(b) Blowing away the droplets by an auxiliary jet of fluid. 

The first method can be applied for long straight 
cuts by clamping a copper bar to the underside of the 
metal. Some slight improvement can also be effected by 
spraying the underside with water jets. 

The second method has been investigated, and a jet 
of air placed about ? in. behind the arc gave the best 
results. 

EQUIPMENT 

The equipment required can be divided into four 
main sections: power source, torch or cutting head, 
arc initiation and pilot arc arrangement, and the gas 
supply, mixing and measuring means. 


Power source 

As already mentioned, a ‘drooping’ voltage d.c. 
power source with an open circuit voltage of about 
100-110 is required. As high-frequency spark starting 
is employed the source must be protected by a suitable 
h.f. filter unit. 

There is a definite relationship between arc voltage 
and arc length, which in turn determines the thickness 
of metal that can be cut. The power sources used for 
most of this work were two Quasi-Arc MRS-425 
rectifiers connected in series to give 110 V open circuit. 
To determine the maximum arc length obtainable, the 
are was struck and traversed over an inclined plate. At 
a value of electrode/plate distance equal to the maxi- 
mum arc length, the arc extinguished itself. This 
maximum arc length was about ? in. The maximum 
thickness of material that could be cleanly cut with 
this power source was | in.: it thus appears that thick- 
nesses much more than } in. above the maximum arc 
length cannot be cut. 

With a third rectifier connected in series the o.c. 
voltage was raised to 165, and arcs I—1} in. long could 
be obtained. This combination enabled good cuts to 
be made up to a thickness of 1} in. 

With four rectifier sets connected in series an 0.c. 
voltage of 210 was obtained, and this allowed a maxi- 
mum arc length of 1? in. (are voltages of about 100). 
With this arrangement it was found possible to cut 
2 in. stainless steel satisfactorily at a speed of 10 in./min. 


Torch or cutting head 

Basically, a standard argon-arc welding torch can be 
used for arc cutting if it is fitted with a special nozzle. 
Easy adjustment of the electrode is essential to give a 
high degree of concentricity at the tip, and as this 
should be possible without disturbing the nozzle a 
‘back-entry’ loading of the electrode is needed. The 
gas joints in the torch should be fully sealed to avoid 
leakage of hydrogen and its subsequent burning. 
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A suitable nozzle for fitting to a standard welding 
torch is shown in Fig. 4. The orifice is about #—4 in. 
dia. and in the example shown it has a replaceable 
insert of refractory material. A prototype hand cut- 
ting torch is shown in Figs. Sand6. It uses a replace- 
able water-cooled copper nozzle insert. 

The nozzle, in constricting the arc, is subjected to 
very arduous conditions of temperature and erosion. 
For this reason, the orifice is made replaceable and 
must be considered an expendable item. 

The first nozzle designs used were similar to that 
shown in Fig. 4. Inserts of a variety of materials were 
tried; these included copper, brass, stainless steel, 
Stellite, cemented tungsten, and other carbides, 
cermets, various refractories, electrographite, silicon 
carbide, and silicon nitride. With this type of nozzle, 
materials such as brass, stainless steel, Stellite, and 
even cemented carbides became overheated and failed 
by melting after a few feet of cutting. Refractory 
materials such as mullite, aluminous porcelain, etc., 
failed rapidly due to thermal shock. When materials of 
low electrical conductivity, such as refractories, were 
used, the auxiliary tungsten electrode had to be used as 
the pilot arc electrode. Of all the refractory materials 
tried, bonded zirconia proved to be the most satis- 
factory. Copper inserts failed after about 10 ft of 
cutting, when the orifice became elongated by erosion. 
The electrographite material (grade EY9) proved to be 
the best material for this type of insert. It withstood 
erosion well and was not susceptible to cracking from 
thermal shock: over 1,000 ft of cutting was carried 
out with one electrographite insert. This material also 
has the advantage of being comparatively cheap and it 
is easily machined. 

Various grades of cermet (chromium/alumina type) 
were tried. Those with a high alumina content failed 
from thermal shock and those with a high chromium 
content failed from overheating. Similarly, cemented 
carbides with a low cobalt content failed from thermal 
shock and those with a higher cobalt content failed 
because of melting. 

Silicon carbide inserts failed from thermal shock but 
silicon nitride inserts proved to be satisfactory; these 
latter inserts are, however, difficult to obtain at 
present and they are expensive 

It was later found that copper inserts could be made 
to give satisfactory service provided that a different 
type of nozzle construction was employed so that the 
insert was of thin copper (approx. yy in. thick) and 
came into intimate contact with fast flowing cooling 
water. A design of the type shown in Fig. 7 was 
satisfactory and undertook several thousand feet of 
cutting without replacement. In this design the copper 
insert is merely pushed into position and is held by a 
locking ring. Silicone rubber O rings are employed to 
seal off the water jacket. To protect the copper insert 
from damage by spatter or accidental ‘touchdown’ of 
the torch it was found advantageous to coat the out- 
side surface with alumina (Rokhide coating). The 
present production torches employ this type of nozzle 
insert which, although a replaceable item, should give 
considerable service if carefully used. 

The tungsten electrodes initially used contained 
0-5-1 °, of thoria and gave a satisfactory performance, 
but better electron emission and hence easier arc 
striking and maintenance can be obtained from 2% 
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thoria electredes. The electrodes normally used are 
} in. dia. and are ‘stepped’ down to } in. for about 
} in. near the tip. These have the advantage of rigidity 
and also keep cooler than the longer electrodes with a 
constant diameter of } in. The back end of the 
electrode is rounded to allow ease of lateral movement 
in the torch cap and it is centred by three adjusting 
screws on the torch body (Fig. 7). As mentioned 
previously, concentricity of the electrode tip is ex- 
tremely important to ensure an even gas flow and steady 
arc, which gives a good cut surface on both sides, and 
also to minimize nozzle erosion. 


Arc initiation and pilot arc arrangement 

A standard argon-arce type h.f. spark oscillator is 
used to provide arc initiation. It supplies a spark dis- 
charge of several thousand volts at frequencies of 
about 3 Mc/sec and is automatically switched out as 
soon as the arc is struck. 

The pilot arc supplying ionized gas to the main arc 
is usually formed between the main electrode and the 
nozzle by connecting the latter to the workpiece by a 
low resistatice. The general electrical circuit is shown 
in Fig. 8. The value of the pilot arc resistance, Rp, 
varies according to the gases used; for nitrogen/hydro- 
gen mixtures (25-50°, hydrogen) a value of about 
1-5 ohms is the optimum 
Gas supply 

All gases were obtained from separate cylinders for 
the investigations reported. After regulation to a suit- 
able pressure (20-50 Ib/sq.in. gauge) each gas was 
metered through a rotameter type of flowmeter and 
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9— Profile cut from } in. aluminium plate 
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then passed to a simple T-junction from whence the 
mixed gases flowed along a common tube to the torch. 

As nitrogen was found to give results at least as good 
as those obtained with argon, work was concentrated 
on it because of its relative cheapness. Aluminium up 
to 4 in. thick can be cut with nitrogen (oxygen-free) 
alone but cleaner cuts can be made using nitrogen/ 
hydrogen mixtures, and the addition of hydrogen is 
necessary for thicknesses above } in. Mixtures varying 
from 25-50°% of hydrogen (remainder nitrogen) have 
been used. The highest concentration gives the hottest 
and longest arc and is most suitable for cutting the 
thickest material but the 75/25 mixture is satisfactory 
for most general purposes. 


CUTTING CONDITIONS 
Materials cut so far include aluminium, aluminium 
alloys, stainless steel, copper, brasses, and aluminium- 
bronze. 
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8—Electrical circuit for tungsten-arc cutting 
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Table I 
Cutting conditions for aluminium alloys 











Metal Power Shielding Gas 
Thickness, Speed, Nz H, 
in. Amp Voli kVA in.min  cuft/hr cuft/hr 

} 200 85 17:0 250 30 30 

] 360 66 23-7 225 60 

y 360 66 23-7 77 60 — 

4 250 75 18:75 100 30 30 

4 360 66 23-7 75 60 — 

: 360 68 24:5 60 40 15 

} 350 75 26:25 80 30 30 

1 470 75 35-25 60 30 30 

1} 460 76 35-0 50 30 30 

Table I 
Cutting conditions for stainless steel 
Metal Power Shielding Gas 
Thickness, Amp Volt kVA Speed, 2 H, 
in. in.min  cufthr cuftihr 

} 220 70 15:4 60 30 30 

; 280 70 196 40 30 30 

} 350 72 25-2 30 30 30 

l 400 75 30-0 20 30 30 
1} 390 80 31:2 18 30 30 
14 380 85 32:3 15 50 30 
2 501 100 50-0 10 30 30 





Aluminium and its alloys 

Average conditions for aluminium and its alloys 
are given in Table I. 

Cuts on aluminium have a very good surface appear- 
ance, and little or no dross should be produced on the 
underside. Profile cutting is easily carried out, as 
reported recently ;* examples are shown in Figs. 9 and 
10. Hand cutting is easily carried out in all positions. 
Stainless steel 

Conditions satisfactory for the cutting of stainless 
steel are given in Table II. For the cuts referred to an 
auxiliary jet of air was used to clear the dross from 
the underside. The jet was of + in. bore and air was 
supplied to it at a pressure of 10-20 Ib/sq.in. gauge. 
Copper and its alloys 

Under the correct conditions, little dross is produced 
with copper and its alloys and this can be readily 
removed. Conditions for cutting } in. copper are: 
current 320 amp; arc voltage 76; arc power 243 KVA; 


cutting speed 80 in./min. This was using 60 cu.ft/hr of 


50:50 nitrogen/hydrogen. Aluminium bronze } in. 
thick was cut at a speed of 70 in./min using a current 
of 380 amp and an arc voltage of 60, with a gas 


mixture that was oxygen-free nitrogen alone. 


PROFILE CUTTING 

Profile cutting can be readily carried out on alumin- 
ium (Figs. 9 and 10) up to | in. thickness. Stack cutting 
of aluminium and its alloys can also be readily 
accomplished, e.g., eight j-in. sheets can be cut under 
conditions similar to those used for | in. material. It 
was found that good stack cutting with no sticking 
between the piled sheets could be obtained if the 
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10—Circles machine cut from } in. aluminium plate 


sheets were first scratch-brushed and then clamped 
tightly together. Where an air gap or patches of dirt 
occurred between the plates there was usually localized 
overheating, which resulted in a bad surface and stick- 
ing of the plates. 


BEVEL CUTTING 

The ‘jet’ arc of the cutting process is ‘stiff’ and is not 
easily deviated from its initial direction. It is thus 
possible to cut bevelled edges with ease. Figure 11 
shows three typical bevel cuts; a | in. aluminium plate 
cut with double bevel and nose on the left, and a ? in. 
plate and a 4 in. plate cut with a 45° bevel on the 
centre and right. These bevels, although slightly 
curved, form a complétely suitable preparation for 
welding. A partially completed weld made on ¢ in. 
aluminium plate prepared by arc cutting is shown in 
Fig. 12. 


METALLURGICAL CONSIDERATIONS 


Metallographic examination of cut material indi- 
cates that there is a narrow fused zone adjacent to the 
cut surface. It extends into the metal by some 0-001- 
0-009 in., and tends to increase towards the bottom of 
the cut.* With aluminium and its alloys, little or no 
oxide or nitride film can be detected on the surface, 
and welds can be made directly on the cut edge with- 
out any further preparation. Similarly, with stainless 
steel, there is only a very thin melted zone and a light 
oxide film on the surface. Welds can be made directly 
upon this surface without further preparation. 

Butt welds made on } in. aluminium and } in. 
stainless steel after cutting using argon/hydrogen and 
nitrogen/hydrogen mixtures have been subjected to 
radiographical and microscopical examination. The 
radiographs showed the welds to be sound and free 
from any major defects. Metallographic examination 
of the aluminium weld made after cutting using argon/ 
hydrogen revealed no evidence of porosity or oxide 
films. A photomicrograph of the aluminium weld, 
made after cutting using nitrogen/hydrogen is shown 
in Fig. 13. Here again there is no evidence of porosity, 
and the presence of nitride or oxide films cannot be 
detected. Metallographic examination of the stainless 
steel welds, made after cutting using nitrogen/hydrogen 
showed no evidence of porosity or the presence of 
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11—Bevel cuts on aluminium plate 





13—Microsection of argon-arc weld junction using Al-5°,Si 
180 


12-—Partially made weld on aluminium plate prepared by arc 
cutting filler. Surface cut using nitrogen hydrogen mixture 
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Table Il 


Summary of tests on welds in aluminium 





Radiograph 
Incomplete penetration 
at intervals 
Some lack of penetration 


Incomplete penetration 
Slight porosity 
Slight porosity 
Incomplete penetration 


Incomplete penetration 


Remarks 
No evidence of nitride films 


Tensile specimen broke in 
centre of weld bead. No 
evidence of nitride films 
Low tensile due to lack of 
penetration 

No evidence of oxide films 
No evidence of oxide films 


No evidence of oxide films 





at intervals 


Slight porosity No evidence of oxide films 


U.T.S.., Bend 
Method of Cutting tons sq.in. Test Micro-Examination 
Arc: nitrogen hydrogen 180 Transverse section 
no oxide films 
Arc: nitrogen, hydrogen 4:8 180 Normal structure 
Mechanical: milled surface th 180 Normal structure 
Arc: argon hydrogen 180 Normal structure 
Arc: argon, hydrogen 4 1* - Transverse section — 
no oxide films 
Arc: argon hydrogen 3-8* 180 Normal structure 
Arc: argon hydrogen 5:3t 180 Transverse section 
no oxide films 
Arc: argon hydrogen 5-2 180 Normal structure 


Variable penetration No evidence of oxide films 





* Incomplete penetration 


nitride. From the etching characteristics no serious 
chromium depletion was detected. 

Further welds were made on }$ in. thick pure 
aluminium plate, after cutting by the arc process and 
by mechanical means, and were subjected to mech- 
anical tests as well as radiography and metallographical 
examination. Results of these tests are summarized in 
Table III. The welds were made by the argon-arc 
process using Al-5°Si filler rod. Square-edge close 
butt welds were made, one pass on each side. Tensile 





14—Bend and tensile specimens of welded aluminium plate 


t Fractured in baseplate 


and bend tests were made to Section 9 of the A.S.M.E. 
boiler code. 

Some of the welds suffered from a lack of penetra- 
tion, which is wholly attributed to the square prepara- 
tion that was used for convenience. To ensure full 
penetration on this thickness it is, of course, desirable 
to use a V preparation with more passes. But the 
present results are sufficient to indicate that the welds 
produced on the arc-cut surfaces are equivalent in 
properties to those made on the surfaces cut by 
mechanical methods. No weld defects were observed 
that could be attributed to the nature of the surface of 
the cut. 

The weld microstructures exhibited the typical ‘as- 
cast’ structure and there was no evidence of oxide or 
nitride films. Two bend test specimens and two pulled 
tensile test pieces are shown in Fig. 14. Specimens (a) 
were welded after arc cutting using an argon/hydrogen 
mixture, and specimens (4) using a nitrogen/hydrogen 
gas mixture. The tensile specimen (a) broke in the 
baseplate although a slight amount of lack of root 
fusion is apparent in the weld. 

Welds made by the metal-are (stick electrode) pro- 
cess on stainless steel, as cut by the tungsten-arc 
process, have been subjected to radiographical and 
metallographical examination and mechanical testing. 
The welds were perfectly sound, strong, and of normal 
structure (Table IV). 

The fractures always occurred in the baseplate at an 
average distance of § in. from the nearest edge of the 
weld. The tensile results are consistent and typical of 
the baseplate. It can be concluded that the weld metal 





Table IV 
Results of tensile tests on metal-arc welded stainless 
Steel 
Specimen U.T.S., Elong.°%, on 

No. tons/sq.in. 2 in. Remarks 
1 41-34 40-62 ) 
2 ‘47 37-5 | ; 
3" o- 4 2 ( Fractured in baseplate 
4 40-46 43-75 / 





4 " 


* Test grips slipped and specimen fractured i y on rel 
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is at least as strong as the baseplate and no plane of 
weakness exists at the weld-metal/parent-plate junc- 
tion. This is further confirmation that the arc-cut 
surfaces of stainless steel can be welded immediately 
without any further preparation. 


HEALTH HAZARDS 


A general outline of the dangers in welding from 
gases and poisonous fumes is given in a booklet issued 
by the Metropolitan Life Insurance Co.* After stress- 
ing the dangers of welding near trichlorethylene, which 
may lead to the formation of phosgene, it is stated that 
other injurious gases which may be produced by the 
welding arc or flame are nitrous gases, ozone, and 
carbon monoxide. 

The same precautions as for welding are necessary 
in arc cutting in regard to trichlorethylene. Metal parts 
should be thoroughly decontaminated and cutting 
should not be done where there are degreasing tanks 
containing chlorinated solvents. 

In the tungsten-arc cutting process it is unlikely that 
carbon monoxide would be encountered but ozone 
may be formed by the action of the intense ultra- 
violet radiation from the arc upon the atmospheric 
oxygen. Oxides of nitrogen may also be formed, par- 
ticularly when nitrogen is used as the cutting gas. The 
one normally formed is nitrogen dioxide (NO,), and 
the maximum concentration for prolonged exposure is 
about 25 p.p.m. However, the American Conference of 
Governmental Industrial Hygienists has _ recently 
recommended a limit of 5 p.p.m. It is probably safer to 
achieve this lower limit for if ozone is also present there 
is the possibility of the formation of nitrogen pentoxide 
(N.O;) which is extremely toxic. 

The limiting concentration of ozone for an 8 hr 
exposure has been accepted for some time as | p.p.m. 
but recently the American Conference of Govern- 
nental Industrial Hygienists has recommended a safe 
‘imit of 0-1 p.p.m. 

Samples of cutting fumes were analysed to investi- 
gate the concentration of constituents. The results are 
given in Table V. All samples were taken at a distance 
f 18 in. from the are at an angle of about 60° to the 
horizontal behind and above the arc and in the plane 
of the cut. The cutting was carried out in a shop about 
30 ft = 50 ft 20 ft high with all windows and doors 
closed, and with no fume extraction or forced ventila- 
tion. 

The ozone and nitrogen dioxide concentrations were 
near or below the specified limit at this distance and 
under these conditions. Generally the operator is 


Table V 


Concentration of cutting fumes 





Gas concentrations, Metal fume 


Material p.p.m. concentration 

Ozone NO, meg litre 

} in. Al* - 0:20 6: 

} in. Al-S* Mg* 0-06 5-0 24 
0-10 5:4 5-1 

$ in. Al-5°,, Mg* 0-20 0-9 

} in. Al-4°,, Mgt 0-10 0-4 

} in. Alt 0-10 1-2 0-04 





* Pure nitrogen as cutting gas = ¢ 75°, nitrogen/25°, hydrogen as cutting gas 
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further than 18 in. away from the arc and is also be- 
hind a head-screen. Consequently, with the use of this 
process under normal operating conditions and with 
conventional ventilation there should be no dangers 
from ozone or oxides of nitrogen. 

Any solid fumes will almost certainly be metallic 
oxides arising from the material being cut or from the 
electrode. In the arc cutting of aluminium and its 
alloys the white fume produced is largely aluminium 
oxide; with Al-Mg alloys there may also be some 
magnesium oxide present. No mention of any toxic 
effects from aluminium oxide has been found in the 
literature, but obviously where material containing 
metals which cause metal fume fever is being cut 
there is a danger of discomfort from this cause if 
ventilation is not sufficiently effective. For inert-gas 
metal-arc welding an American Welding Society 
Tentative Specification® states that reports of minor 
illness have been received, dealing principally with 
respiratory irritation and stomach upset. No specific 
data on toxicity is said to be available, and the ventila- 
tion and protection requirements set forth in code 
Z 49.1, par. 8.2 and par. 8.3 should be recommended.*® 
This virtually means that, with reasonable attention to 
ventilation, no serious trouble should be experienced. 

There is no likelihood of any appreciable concentra- 
tion of tungsten oxide from the electrode, because of 
the very high melting and boiling points of tungsten. 
No mention has been found in the literature concern- 
ing tungsten in welding fumes. The question of a 
possible hazard from radioactivity when using thori- 
ated tungsten electrodes has been raised recently, but 
published data show that there is no significant 
hazard.’ 

As the process uses a high intensity arc, the usual 
precautions for the protection of eyes and skin from 
arc radiation are obviously necessary. 


ECONOMIC CONSIDERATIONS 


The basic factor which has the greatest effect on the 
economics of cutting is the speed attainable. This, in 
conjunction with the setting-up time, is a relatively 
constant factor, and determines the labour and over- 
head costs for a particular job. For aluminium and its 
alloys the processes which compete with arc cutting 
are mechanical ones such as shearing, routing, saw- 
ing, and the like. Where straight cuts of medium length 
on thicknesses up to about | in. are being made, 
mechanical shearing is probably the faster process, and 
in certain instances on intermediate thicknesses high- 
speed mechanical routing may be preferred. The 
obvious clear-cut cases for arc cutting of aluminium 
and its alloys are where openings need to be cut in 
fabricated or partially fabricated structures, e.g., 
openings in vessels or large pipes for branch pipes, in- 
lets, or inspection hatches, and openings for hatch- 
ways in ships’ superstructures. 

With thicknesses of aluminium and its alloys above 
about ? in., mechanical cutting becomes more difficult 
and slow; it is therefore expected that arc cutting will 
be a very useful process for thicknesses from } in. to 
2 in. 

Mechanical methods of cutting are difficult on 
stainless steel owing to the hardness of the material. 
Oxy-acetylene cutting, though used widely for mild 
steel is a more complicated process when used for 
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stainless steel, and involves the use of iron powder 
dispensed into the cutting oxygen. The surface of the 
cuts produced also needs further treatment, e.g., 
mechanical dressing, before welding. The oxy-acetylene 
powder cutting process also causes considerable fumes 
which are of appreciable nuisance value. 

With the tungsten-arc cutting process on stainless 
steel, little fume is produced, the surface is suitable for 
welding without further preparation and cutting 
speeds are some 2-3 times faster. It is therefore con- 
sidered that the process should prove to be technically 
and economically attractive for this material. 

It is not possible to make a general statement on the 
comparative economics of this process compared with 
other methods since there are other widely varying 
factors involved. 


CONCLUSIONS 

The tungsten-arc cutting process has reached a 
sufficiently advanced state of development to allow its 
use in industry for the cutting of aluminium and its 
alloys and copper and its alloys. Stainless steel may 
also be satisfactorily cut if dross formation is avoided 
by suitably cooling the underside (e.g., copper backing 
bars) or by using an auxiliary trailing jet of compressed 
air. 

Nitrogen (oxygen-free) or argon, with or without 
additions of hydrogen may be used, and the highly 
concentrated arc stream produced melts and ejects a 
thin section of metal at high speed to give clean cut 
edges that can be welded without further preparation. 
Profile cutting, bevelling, and stack cutting can be 
readily carried out. Cutting speeds are high, of the 
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order of 250 in./min for } in. aluminium, 100 in./min 
for 4 in. aluminium and 30-50 in./min for 1} in. 
aluminium. Speeds for stainless steel vary from 
60 in./min for } in. thick material to 10 in./min for 
2 in. thick material. 

Measurements of ozone, nitrogen dioxide, and fume 
concentrations have shown that no significant health 
hazards should exist provided that normal reasonable 
precautions are taken. 
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Reinforced Holes in Pressure Vessels 

We have read with much interest the paper by Dr. Hicks 
on the “Design of Reinforced Elliptical Holes in Pressure 
Vessels” (March 1958 issue). In this paper Dr. Hicks gives 
a lucid explanation of a method of designing reinforce- 
ments which approach closely to his ideal state, in which 
the stress local to the hole does not exceed the stress in the 
undisturbed plate; that is, when the stress concentration 
factor is unity. We consider that his assumption that this 
is the optimum condition for reinforcement in a pressure 
vessel should not pass without comment. 

Commission XI of the International Institute of Welding 
has carried out a thoughtful analysis of the factors to be 
guarded against in designing pressure vessels (see B.W.J., 
vol. 4, May 1957, p. 223). They find from this analysis that 
the principal criterion to be satisfied by a design method is 
that, at points of stress concentration or elsewhere, re- 
peated applications of working conditions, either of load 
or of temperature, should not lead to repeated yield and 
reversed yield. The ‘design’ stresses, which are the stresses 
assumed to exist in a plain unpierced vessel with no points 
of stress concentration, will never exceed the yield point of 
the material, and so the requirement that repeated yield 
and reversed yield shall be avoided would be satisfied with 
a stress concentration factor of two. This might, then, be 
taken as the lowest value that it is necessary to attain. 

It is obviously desirable from an economic aspect to set 
the maximum value of acceptable stress concentration 


Standard Z49.1, American Welding Society, 1958. 

7. A. J. BRESHIN and W. B. Harris: Amer. Ind. Hygiene Quart., 
1952, vol. 13, pp. 191-195. (Also: Welding J., 1953, vol. 32, 
p. 134). 

THE EDITOR 


factor as high as possible. In the present instance un- 
necessarily large reinforcements can also be less antio- 
factory in carrying load. 

If one is considering a construction in which the reinfore- 
ing rim is welded to the plate, the optimum reinforcement 
is not necessarily that which reduces the stresses tangential 
to the opening to a value approximately equal to that in 
the plate. Such a reinforcement also gives rise to tensile 
stresses radial to the opening of a similar order. The 
tangential stresses are not in general aggravated by the 
presence of the weld, since they lie in the direction of the 
weld. The radial stresses, however, can exert a dispro- 
portionately large effect, since they are acting across the 
weld and will be aggravated by discontinuities, such as 
slight undercutting, lack of root penetration, and so on. For 
this reason we think it desirable to allow the tangential 
stress to rise to the maximum permitted by other con- 
siderations, namely, to a stress concentration factor of two, 
since this will be accompanied by a very useful reduction 
in the radial stress. 

In some pulsating pressure tests on model vessels con- 
taining branches, we have found support for this proposal. 
With detailed designs at the branch openings that give a 
maximum (tangential) stress concentration factor of two or 
a little higher, failure occurs by a radial crack that results 
from the tangential stress. When the reinforcement is 
increased to give a maximum (tangential) stress concentra- 
tion factor rather less than two, the radial stress is also 


Continued on p. 368 
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The Thirty-Fifth Annual Report of the Council on the activities of the Institute during the twelve months ended 


31st March, 1958, was submitted for the approval of members at the Annual General Meeting on 


ANNUAL REPORT 


Honorary Officers and Council 
The Honorary Officers and Council elected in 1957 took 
office after the Annual General Meeting on 19th July, 1957. 


Future Policy 

Early last January the Council finished its consideration 
of the reports and recommendations of the Future Policy 
Committee, to which reference was made in the last Annual 
Report. A number of amendments to the Articles of Asso- 
ciation were accordingly proposed and unanimously 
adopted at an Extraordinary General Meeting of members 
on 14th February, 1958. Associated with these amendments 
the Council completed a thorough revision of the By-Laws, 
Standing Orders, and Standard Branch Rules, thus bring- 
ing to an end an overhaul of the Institute's constitution and 
organization which has occupied the attention of the 
Council and its Committees intermittently over nearly five 
years. An Outline of Policy approved at the same time was 
published in the Journal (Feb. 1958) for the information 
of members 

This comprehensive review of the Institute’s aims and 
activities has made clear the organization which is required 
to enable it “‘to advance the science and practice of welding 
and the processes allied to it” and to discharge its function 
as an educational body. It has also greatly clarified the 
relationship between the Institute and the British Welding 
Research Association and the division between them of the 
field of activity which they are cultivating in co-operation. 

The principal changes in the Articles and By-Laws are 
intended to make effective the service of the Institute to the 
processes allied to welding, such as metal spraying and 
brazing, to maintain the technical qualifications for Cor- 
porate Membership of the Institute, while opening to those 
who do not seek such qualifications the opportunity of 
sharing in the activities of the Institute, and finally to 
spread the load which has fallen on the President by in- 
creasing the number of Vice-Presidents to three. To expe- 
dite business, the General Purposes Committee, which met 
every two months, has been replaced by an Executive 
Committee meeting monthly and empowered to act for the 
Council between meetings of the latter. The Executive 
Committee is composed of the Honorary Officers and the 
Chairmen of the Standing Committees, with not more than 
three others and with an independent Chairman, Mr. 
R. E. G. Weddell (Past President); its Vice-Chairman is 
Mr. N. L. G. Lingwood, the Chairman of the former 
General Purposes Committee, to the work of which the 
Council wishes to pay tribute. 


17th July, 1958 


These changes, taken as a whole, should enable the 
Institute to increase its membership and its influence in 
industry and also to take full advantage of the expanded 
opportunities of service which open before it in its new 
permanent headquarters. 

Finance 

The Income and Expenditure account, appended, shows 
a substantial increase both in the revenue and the expendi- 
ture of the Institute. The large increase in the subscription 
income, though partly due to increased individual member- 
ship, is mainly explained by the higher subscription rate 
for Industrial Corporate Members, which came into force 
on Ist April, 1957. The growth of expenditure, though it 
reflects an increase in the services which the Institute 
renders to its members as well as the cumulative effect of 
inflation, is being carefully watched by the Council and its 
Finance Committee. 

At the end of the year the President and Vice-President 
addressed an appeal to the Industrial Corporate Members 
for contributions to the general funds sufficient to dis- 
charge the debts incurred in the purchase and equipment of 
the new premises and to enable the Institute to maintain 
and improve its services over the next seven years, while it 
is building up its membership. 

Premises 

The Institute entered into occupation of its new perma- 
nent headquarters at 54 Princes Gate on 9th May, 1957, 
only five weeks before the opening there of the first British 
Commonwealth Welding Conference. The requirements of 
the local authorities and other difficulties which could not 
have been foreseen, greatly increased the cost of, and time 
taken in, adapting the house to the Institute’s use. Dona- 
tions and subscriptions to the Furnishing and Mortgage 
Redemption Fund enabled the Council to provide some 
essential furnishings, particularly for the lecture room, and 
the Council wishes to record its thanks to all the contri- 
butors to that Fund, the total of which, including promises 
and tax recoverable on covenants, now exceeds £3,000. 

The upper floors of the house have been converted into 
self-contained flats, of which it is intended to let two. One 
flat was let from Ist October, 1957, to Robert Jenkins of 
Rotherham & Co. Limited. The other flat was unlet at the 
end of the year. 

Even in the short time since the removal to 54 Princes 
Gate, the opportunities which it affords for expanding the 





A list of Honorary Officers and Council for 1958-59 appears on 
p. 15 of this issue (Advert. Section) and in the Preliminaries 
to the bound volume. 
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services of the Institute have become apparent. The Com- 
monwealth Welding Conference in June and the Autumn 
Meeting in November were held there and the North and 
South London Branches have held their monthly meetings 
in the lecture hall throughout the winter. The possession of 
the house made possible the opening, last October, of the 
School of Welding Technology. Demonstrations on a 
limited scale have been held in the house. 


Publications 


Discussions with the Iron and Steel Institute led to an 
agreement on a revised scheme of management for the 
British Welding Journal, under which editorial and pro- 
duction responsibility is transferred back to the Institute 
of Welding, while the Iron and Steel Institute continues to 
manage the advertisements. It is the policy of the Council 
to maintain the Journal as a first-class periodical of tech- 
nical value to all classes of members and plans for its 
enlargement and improvement have been made and will be 
introduced gradually, as funds permit. 

Publications issued in 1956 continued to sell well, parti- 
cularly the booklets on Health and Safety in Welding and 
on Control of Distortion. Some progress was made with 
volumes 2 and 3 of the Handbook of Welding Design, the 
Proceedings of the Commonwealth Welding Conference 
were well forward at the end of the year and an Index to 
the Transactions of the Institute and to Welding Research, 
which was issued as a supplement to it, was compiled and 
will be published during 1958/9. 


Library and Information Service 

Shortly after the removal of the Institute to 54 Princes 
Gate, the Librarian, Miss C. Brayden, was taken ill; on 
medical advice she resigned her post later in the year. 

The Institute's library was substantially the creation of 
Miss Brayden, who held the post of Librarian from 1939 
until her retirement. The Council records it appreciation of 
the devoted service which Miss Brayden gave to the Insti- 
tute and offers its best wishes for her health and happiness 
in the retirement which she has so well earned. 

In December Miss W. R. Urwin was appointed Library 
Assistant under the Technical Officer, who is now respon- 
sible for the supervision of the library and information 
service as a unit. 


Education 

The outstanding event of the year in the field of educa- 
tion was, of course, the opening of the School of Welding 
Technology, to which reference is made below. 

Apart from routine work in connection with the Insti- 
tute’s Examinations, the Education Committee was largely 
engaged throughout the year in giving effect to the findings 
of the Ashorne Hill Conference on the education and 
functions of welding engineers. In this connection the 
Committee has given to a number of technical colleges 
advice and assistance in the organization of courses on 
different aspects of welding technology and in obtaining 
the services of suitable lecturers. 

The Education Committee has also been concerned with 
the work of the International Institute of Welding Com- 
mission on Welding Instruction, the Committee being the 
advisory body for the United Kingdom delegate on this 
Commission. 


School of Welding Technology 

At the end of 1956/57 the President, Sir Charles Lillicrap, 
suggested to the Council the establishment of a School of 
Welding Technology in the new premises. Plans for the 
School were worked out by a special Committee under the 
Chairmanship of Mr. Seymour-Semper and the first course 
opened in October, 1957. In 1957 the British Welding 
Research Association held its last Summer School, so that 
the Institute is, in effect, carrying on the work so well 


357 


begun and carried through by the Research Association. 
The intention is that the School should provide every 
month, except in July and August, a course on some aspect 
of welding, lasting for a week and made up of ten or twelve 
lectures by experts drawn from industry, with visits to 
research stations or works for practical demonstrations. 
The social side is not neglected and the students, who are 
normally limited to 40 for each course, are 2ccommodated 
in a South Kensington hotel and enjoy the amenities of the 
Institute’s headquarters during their stay in London. 

The first prospectus, issued in August 1957, offered six 
courses for the months between October and March; five 
of these courses were over-subscribed. The second pros- 
pectus, covering the courses from April to September 
1958, met with a similar response. It is clear that the 
School constitutes a service of the utmost importance to the 
welding industry. 

Certain special courses, started by the Technical Com- 
mittee’s Panels before the opening of the School, are now 
brought within the same organization. Thus a one-day 
course on Health and Safety in Welding was run in Sep- 
tember and the evening lectures on Detail Design of 
Welded Structures were given in Manchester and again in 
London. 

The Council wishes to record its gratitude to the Presi- 
dent for his inspiration, to the School of Welding Tech- 
nology Committee for the planning and organization of the 
courses, to the staff and especially to the Technical Officer 
Mr. J. L. Sanders, to Dr. Weck and the Staff of the 
B.W.R.A. for much invaluable help, and to the lecturers 
and their Companies, whose co-operation has enabled the 
Institute to carry through this important development 
with such success. 


Commonwealth Welding Confer2nce 

The first British Commonwealth Welding Conference, 
which had been in preparation for some two years, was 
opened at the Institute by Sir William J. Larke, K.B.E., on 
17th June, 1957. After a week in London, during which the 
programme included a reception given by H.M. Govern- 
ment at Lancaster House, the Conference transferred to 
Saltburn-by-the-Sea for four days in the following week 
and then returned to London for the concluding banquet 
at the Park Lane Hotel. The participants, who numbered 
just on 300, included representatives from Canada, Aus- 
tralia, New Zealand, South Africa, Pakistan, India and 
Ghana. A hundred and fifty of the members took part in 
the meetings at Saltburn 





Small exhibition held in conjunction with School of Welding Tech- 
nology 
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The Conference was organized to allow of alternating 
discussion meetings and works visits. There were ten main 
technical sessions, divided into 23 sections and occupying 
the mornings and afternoons of five days. At these sessions 
60 papers, 15 of them contributed by overseas members, 
were presented and discussed. There were in addition two 
meetings at which authors and representatives of the works 
visited replied informally to questions. 

During the fortnight, 23 works and laboratories were 
visited in 20 separate parties. These visits also occupied the 
mornings and afternoons of five days. 

The Council offers its thanks to the Organizing Com- 
mittee, of which the Chairman was Mr. A. Robert Jenkins, 
J.P., to the representatives of the High Commissioners of 
the various Dominions who served on that Committee, and 
to its overseas members, all of whom contributed to the 
striking success of the Conference. The thanks of the 
Institute are also offered to the authors of papers, to the 
firms and companies who were good enough to receive 
parties at their works, and to the 80 Industrial Corporate 
Members of the Lnstitute who contributed to the Guarantee 
Fund 


Other Meetings 

The Autumn Meeting was held at the Institute at the end 
of October and opened with a dinner at the Park Lane 
Hotel at which the guest of honour was Sir John Cockcroft, 
O.M. On the two following days eleven papers bearing on 
different aspects of the use of welding in the Nuclear 
Energy Programme were presented and discussed. 

Following the Council's decision to establish an Annual 
Lecture of a scientific character, Professor Sir Alfred 
Pugsley, F.R.S., gave the first of these lectures before a 
large audience on 12th March last, his subject being ““The 
Influence of Welding on Structural Design.” The lecture 
has since been printed in the Journal (July 1958). 


Membership 

The total membership on 31st March, 1958, was 4,829, 
made up as shown in the table below, which gives the 
corresponding figures at the same date in 1955 to 1957. 








1955 1956 1957 1958 
Honorary Fellows 1 2 2 2 
Patrons 12 12 12 12 
Fellows l ] l l 
Honorary Members 15 14 14 15 
Members 942 938 928 918 
Associate- Members 1,758 ,766 1,783 1,797 
Companions 127 137 153 181 
Graduates 128 137 142 156 
Associates 1,100 1,156 1,216 1,269 
Students 82 79 76 73 
Overseas Members 65 62 59 56 
Industrial Corporate 
Members—Class 1 374 378 385) 
Class 2 22 23 24 342 
Class 3 7 8 7 
H.M. Forces Member- 
ship 6 6 6 7 
4,640 4,719 4,808 4,829 
Annual GainorLoss —62 +79 +89 +21 


The Council elected 254 (227) new members and ap- 
proved 28 (29) transfers and 2 (4) reinstatements. During 
the year, 86 (42) members resigned and 120 (79) were 
removed from the register by the Council for non-payment 
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of subscriptions. The Council records with regret the deaths 
of two past Presidents, Dr. J. H. Paterson on 13th June 
1957, and Sir Alexander Gibb, G.B.E.,C.B. on 21st January 
1958. Tributes by Mr. D. W. J. Boag and by Sir William 
Larke, K.B.E., appeared in the Journal. The Council also 
regrets to record the deaths of 27 (21) other members. 

The figures in brackets are the corresponding figures for 
the year 1956-57. 


Prizes 

The Sir William J. Larke Medal for 1957 was awarded to 
Mr. M. Noone and Mr. W. C. Holliday for their paper 
“Welding of Spheres and Bullets in Situ’’ which was 
published in the October 1956 issue of the Journal and 
presented at the Autumn Meeting of that year. 

Papers by the following authors received honourable 
mention: Dr. R. A. Cresswell, Dr. H. G. Geerlings and 
Mr. W. P. Kerkhof, and Mr. A. R. Moss 

A new prize, endowed by Mr. L. J. Tibbenham, will be 
awarded by the Education Committee of the Institute to a 
student of welding. The Council has accepted the trust 
with gratitude and it has been arranged that the prize shall 
be awarded on the results of the City and Guilds of London 
Welding Examinations. 


Technical Activities 

The work of the Technical Committee has been limited 
and, since this work is vital to the Institute’s future, the 
Council regards the provision of an adequate technical 
staff to carry it on successfully as one of the major objec- 
tives of the Appeal to Industry mentioned above. The 
routine work of the appointment of representatives to 
B.S.1. Committees and similar bodies has, of course, been 
maintained throughout the year. 


Branches 

All the Branches of the Institute have continued during 
the year to offer members a varied programme of lectures 
and papers, with works visits and other activities. The 
reports show that these facilities have been well supported 
by members generally. The Portsmouth Branch has been 
amalgamated with the Southampton Branch to form the 
Southern Counties Branch, which will serve members of 
the Institute on the South Coast between Brighton and 
Weymouth. The administration of this Branch will be 
undertaken for the time being by the Southampton Branch 
Committee, with assistance from some members of the 
Portsmouth Branch Committee. It is hoped that members 
in this area will support the meetings which the new 
Branch will provide in different centres. 


Co-operation with Other Bodies 

Regular consultation with the officers of the British 
Welding Research Association continued and is intended to 
be a permanent feature of the work of both bodies. 

The Institute has continued to pla) a very active part in 
the work of the International Institute of Welding and the 
organization of the United Kingdom Delegation to it. 

During the year the Instituie joined the British Confer- 
ence on Automation and Computation in the Group 
devoted to Engineering Applications. 


Acknowledgments 
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Tue successful operation of automatic welding 
methods depends on a thorough understanding of 
the interaction of all process variables. Tests are 
which individual variations 


described in are 


studied and the results obtained are used to 
predict the welding conditions for the high- 
quality close square butt welding of plate up to 
& in. thick. Greater thicknesses cannot be welded 
in this manner owing to the welding current 
limitations of 400A imposed by existing equip- 
ment. 


Introduction 


HE advent of the inert-gas shielded arc welding 
processes utilizing consumable electrodes has 
considerably aided the production of aluminium 
equipment for the chemical industry. The argon-arc 
process employing a non-consumable tungsten elec- 
trode and separate filler addition had already estab- 
lished the practical advantages of processes that do not 
require a flux, particularly by enabling a higher weld 
quality to be achieved than is possible with oxy- 
acetylene and metallic-arc welding. 

While equipment is available for tungsten-arc 
welding with currents up to 600A, the avoidance of 
tungsten inclusions becomes a problem with currents 
over 300A. This means that for the high quality 
jointing of metal thicker than } in. preheating becomes 
necessary, and the process loses some of its attraction. 
The consumable electrode processes have a higher 
heat input than the argon-arc process and allow the use 
of higher welding speeds and the joining of thicker 
material. In addition, they confer the ability to weld in 
all positions and have a basic suitability for partial or 
complete automation. 

Although there is an increasing demand for welded 
aluminium storage tanks so large that they have to be 
constructed on site by manual welding, the majority 
of present structures can be built in the factory where 
advantage can be taken of automatic techniques. 
Automatic welding is to be encouraged because it 
gives higher weld quality and better appearance than 
manual welding, and because it reduces costs and 
improves productivity. However, the successful use of 
automatic welding demands an understanding of the 
many variables that operate with respect to both basic 
metal quality and to the shape of the deposit. It is with 
this in view that a study has been made of the welding 
conditions for minimum porosity, the current range 
within which each size of electrode operates satis- 
factorily and the variables that affect penetration and 
the shape of the weld. 

Up to the present time the bulk of large equipment 
made in Great Britain for the chemical industry has 
been either of 99-5° pure aluminium or of one of the 
aluminium—magnesium alloys. The former is usually 
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welded with electrode wire of 99-5°, pure aluminium 
and the latter with aluminium—5 °, magnesium alloy. 
Other grades of pure aluminium and other alloys have 
been employed successfully but to a smaller extent. 
Hence, the tests to be described have been largely 
concerned with the above two classes of material. 


EQUIPMENT 


In a consumable electrode process a balance must be 
struck between the rate of feed of the electrode and the 
current supplied to burn it off. In aluminium welding 
the soundness of the weld metal is dependent upon the 
arc length and a satisfactory length must be main- 
tained. This may be done by fixing the electrode feed 
speed, and providing a power source of preset con- 
stant voltage whose current output will vary signifi- 
cantly with any change in arc length and will so alter 
the burn-off rate of the electrode and restore the 
original arc voltage and length; this arrangement is 
known as the self-adjusting arc process. Alternatively, 
one can employ a power source of substantially fixed 
current output (with a drooping current/voltage 
characteristic) and vary the wire feed speed auto- 
matically to maintain the correct arc voltage: the 
arrangement known as the controlled arc process. 

In Great Britain the first examples of automatic 
inert-gas metal arc equipment were the British Oxygen 
Company’s Argonaut Model C and the Quasi-Arc 
Company's Sigma SWM 3 units, both of the controlled 
arc type. The desired arc voltage is preset and the 
electrode feed speed is automatically varied if the arc 
voltage varies from this value. This type of equipment 
is relatively costly and is of necessity far more complex 
than a self-adjusting arc unit. 

More recently, and with the advent of substantially 
flat characteristic power sources, automatic self- 
adjusting arc equipment has appeared. The British 
Oxygen Company’s Argonaut AMH-B and the Quasi- 
Arc Company’s Sigma DEH head and SCC-1 control 
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unit are examples. They consist simply of a robust 
single-motor electrode feed mechanism connected to a 
water-cooled heavy-duty welding torch with facilities 
for inclining the torch and moving it in the longitu- 
dinal, transverse, and vertical directions. The control 
boxes are relatively simple and inexpensive and a 
feature of the equipment, like that of manual equip- 
ment run off a flat characteristic power source, is that 
once the arc voltage is preset by alteration of the open 
circuit voltage the current can be varied over a con- 
siderable range, e.g. 200-270A, simply by alteration 
of the electrode feed speed, while maintaining a satis- 
factory arc length. It should be noted that by variation 
of the wire feed speed at a single setting of the open 
circuit voltage a wide range of current is available, of 
which only the middle section will give satisfactory 
welding conditions. At the low-current end the arc will 
be excessively long, there may be a risk of the loss of 
alloying elements and the fume will be excessive, while 
at the high-current end of the range the arc will be 
short and there will be a risk of increased weld poros- 
ity. It is essential to appreciate that for high-quality 
welding a visible arc length of } in. should be main- 
tained at all operating currents and that the arc 
voltage should be regulated accordingly. 

As far as operating characteristics are concerned, 
the complexity and weight of controlled arc equipment 
are disadvantages. Furthermore, arc starting is not 
positive because the drooping characteristic power 
source does not supply a large short-circuit current. 
While there is no direct evidence to show that one pro- 
cess gives a superior quality deposit, it may be noted 
that the control of arc length obtained in the self- 
adjusting arc process with a low open circuit voltage 
power source should be at least the equal of that 
obtained with controlled arc equipment. 


LIMITATIONS OF CURRENT 

Metal transfer across a self-adjusting arc takes place 
in the form of a fine spray when operation is in the 
normal range. Needham and Smith! show that for 
fy in. dia. pure aluminium wire operated at an arc 
voltage of 22V the normal range extends between 
135 and 300A. Below 135A, transfer is in the form of 
large globules and this is known as the sub-threshold 
condition. Above 300A, oxide enfoldment or pucker- 
ing is preceded by the formation of semi-continuous 
voids or tunnels near the weld bead root. One of the 
authors has found that the normal operating range for 
s-in. dia. pure aluminium wire lies above 250A, 
tunnelling and puckering occurring at currents above 
375A. The onset of oxide enfoldment or puckering 
appears to be influenced by minor disturbances of the 
inert-gas cover and also by the speed of welding. 
Minor disturbances may arise from intermittent short 
circuiting should the arc length be too small or from 
the release of hydrogen when welding over tacks or 
forward spatter. In general, the arc is not operated at 
a critical current and therefore these factors are of 
secondary consideration to the factor of welding 
speed. Figure | shows that speeds in excess of 12 in./ 
min will produce defective welds at an arc current of 
400A. At 300A, speeds in excess of 24 in./min are 
permissible but with the risk of undercut. In order to 
achieve maximum penetration the welding head is 
normally operated vertically or with a slight forward 
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inclination. The onset of puckering may be delayed to 
higher currents where the forward torch inclination is 
increased. One of the authors has found that, when 
using yy in. dia. wire, puckering occurs at 340A with a 
vertical torch, but does not occur at 380A with a 
forward inclination of 20°. The use of excessive for- 
ward inclination, however, results in increased loss due 
to forward spatter and the overall gain in welding 
efficiency is not significant. It is thought that break- 
down of the argon shield is primarily responsible for 
oxide enfoldment and therefore development of the 
welding equipment is required in order that an efficient 
shroud may be maintained at higher welding currents. 


PENETRATION AND GENERAL CHARACTERISTICS OF 
WELD DEPOSITS 

Effect of inclination of the welding head 

Variations of the angle between the welding head 
and the surface of the weldment, measured in a plane 
parallel to the direction of travel of the head, have 
significant effects upon the performance of the process. 
When the head is inclined in the direction of travel the 
surface on either side of the line of welding is widely 
purged of oxide by ion bombardment, the weld bead 
merges smoothly with the surface of the weldment and 
the oxide and metal fume which is produced lies 
substantially as a non-adherent deposit on either side 
of the bead, which itself is bright. When the electrode 
is inclined in the opposite direction, oxide purging 
occurs less extensively, the bead tends to be more 
convex, and the oxide deposit adheres to the bead 
(Fig. 2). In addition, it is found from bead-on-plate 
tests that penetration is influenced by the inclination 
of the welding head. Figure 3 shows that, while pene- 
tration is at a maximum when the welding head is 
normal to the weldment, it falls off more rapidly with 
inclination in the direction of travel than in the reverse 
direction. In the automatic welding of thick plate it is 
usual to have the welding head either normal or in- 
clined up to 10° in the direction of travel to avoid 
excessive convexity, which is a fundamental problem 
when welding thick material because of the heavy 
chilling effects, and to minimize the amount of inter- 
pass cleaning. As discussed previously, the inclination 
of the welding head has a marked effect on the stability 
of the weld pool and hence on the occurrence of 
puckering. 


Effect of arc voltage 

Numerous tests using both pure aluminium and 
aluminium—magnesium alloy electrode wires show that 
for maximum penetration there is an optimum arc 
voltage. This is shown by the result of bead-on-plate 
tests made by the authors and their colleagues,’ 
shown in Fig. 4, and in which the amount of electrode 
metal deposited per unit length of run was kept 
constant. It would appear that the optimum arc 
voltage for #-in. dia. electrodes rises from 21-22V as 
the current rises from 235 to 300A, and in fact corre- 
sponds to an arc length of } in. The curves for 4-in. dia. 
pure aluminium electrodes have been extrapolated 
from results obtained at 12 in./min travel speed, and 
also show 22V to be an optimum value. Figure 5 
shows that with an arc voltage of approximately 22V 
the arc length is long enough to avoid the formation of 
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i—Influence of welding speed on puckering (beads on plate—pure 
aluminium) 


spatter through are shorting but is short enough to 
minimize the formation of fume and deposited oxide. 


Effect of welding current 

Welding current is the most important factor in- 
fluencing penetration and, as will be seen from Fig. 6, 
the effect with a pure aluminium electrode on pure 
aluminium plate is somewhat similar to that with an 
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2—Effect of inclination of welding head on appearance of weld 
deposit 
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3—FEffect of inclination of welding head on penetration 


aluminium—5 °% magnesium electrode on plate of that 
composition. Analysis of the curve for pure aluminium 
shows that the penetration in a bead-on-plate test and 
hence in a close square butt joint can be approximated 
by the equation 
P=KI=* 
where P is the penetration, in. 
1 is the welding current, A 


‘ 1 
and K= 7775x108 
for y,-in. dia. electrodes. The results of further experi- 
ments on #-in. pure aluminium plates using }-in. dia. 
electrodes at several welding speeds are shown in 
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4—Effect of arc voltage on penetration (beads on }-in. Al and 
Al-5°, Mg alloy plates 
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a)i8V (6b) 22 V (c) 28 V 


5— Effect of arc voltage on spatter and fume formation 


Fig. 7. Experience with other thicknesses of plate en- 
ables the graph of penetration against plate thickness 


shown in Fig. 8 to be constructed. 


Effect of speed of welding 


\n increase in the speed of welding, keeping current 
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6—Effect of welding current on penetration (beads on }-in. 
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7—Effect of welding current on penetration (beads on j-in. pure 
Al plate) 


and arc voltage constant, results as would be expected 
in decreased penetration. An unexpected effect is that 
for a given current and arc voltage there is an optimum 
welding speed, below which penetration decreases due 
to the large amount of deposited metal raising the level 
of the weld pool. Results on one thickness of plate 
with one electrode diameter are shown in Fig. 9.° 
Figure 10, which refers to bead-on-plate tests with 
Al-5°Mg electrode wire and plate, shows that 
changes in welding speed have a much greater effect 
on the width of the weld bead than on the height 
of the bead or on penetration. The bead-on-plate tests 
on ?-in, thick pure aluminium have been repeated on 
other thicknesses of plate in the range between } in. 
and 14 in. It has been found that for this range of 
material a welding speed in the neighbourhood of 
12 in./min is to be preferred as lower speeds tend to 
give overlap and higher speeds give undercut. On the 
basis of this preferred speed a diagram of penetration 
against plate thickness for various currents may be 
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8—Effect of plate thickness on penetration (beads on pure Al 
plate) 
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Base metal }-in. Al-5°% Mg 
Arc veltage 23 V 
Current 235-240 A 


Electrode 4-in. dia. Al-5°% Mg alloy 


9—Effect of welding speed on penetration (beads on }-in. plate) 


constructed as in Fig. 11, which can be used to predict 
the required conditions for making close square butt 
joints in one pass from each side using a }-in. dia. wire. 
To avoid centre-plane root porosity with this tech- 
nique it is essential to have adequate interpenetration 
of the passes, and initial penetration through at least 
65°, of the metal thickness should be aimed at. 
Whilst the curves show that it is possible to weld 
}-in. metal in this manner, the practical limit is 3 in. 
due to the puckering which occurs with the higher 
currents that would be necessary to weld greater 
thicknesses. 


Effect of edge preparation and root gaps 

Bead-on-plate tests made by one of the authors’ 
colleagues? show that penetration, defined as the depth 
to which a metal plate is melted as measured from the 
root of a V-groove or the surface of a flat plate, is 
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11—Conditions for close square butt welding (pure aluminium 
plate) 


a linear function of the groove angle (Fig. 12). 
However, the total depth of the plate melted by the 
welding operation is, of course, increased by employ- 
ing a V-groove and having a large groove angle. The 
groove angle that can be employed is limited by the 
width of the deposited weld bead and in practice 
angles greater than 90° are rarely employed. Such 
angles are, of course, unnecessarily large for deep 
grooves requiring a multi-pass technique. 

It is widely believed that penetration is increased by 
allowing a gap between plates to be butt welded. It has 
been shown that in the case of }-in. thick aluminium 
welded with }-in. dia. wire, where penetration does not 
approach the full plate thickness, that this is not so 
and that the penetration is substantially constant for 
gaps from 0-002 in. to 0-070 in. The height of the 
reinforcement simply decreases as a tongue of metal 
forms in the increasing gap. 


POROSITY 
It has been well established that hydrogen is almost 
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invariably responsible for the porosity that is found in 
aluminium welds. The solubility of hydrogen in liquid 
aluminium at 670°C. is 0-70 cc. per 100 g, whereas in 
the solid metal at 660°C. it is only 0-036 cc. per 100 g, 
so that any hydrogen available to be dissolved in the 
weld pool will be rejected from solution during freezing 
and will form porosity. Sources of hydrogen in the 
welding operation are moisture in the atmosphere, 
moisture and grease absorbed in the oxide film present 
on the surface of the weldment and the electrode wire, 
and hydrogen dissolved in the parent metal and the 
electrode. Manufacturing techniques are now such 
that the intrinsic gas content of the wrought product is 
rarely, if ever, found to be the cause of weld porosity. 
The surface of the electrode wire is particularly im- 
portant because of the high surface/volume ratio for 
the thin wires that are used in this process, and 
chemical or mechanical cleaning processes are ac- 
cordingly employed. There is considerable experi- 
mental evidence to show that such cleaning is necessary 
for the production of welds free from notable porosity, 
but it is also possible to show that welding conditions 
have a significant effect. Houldcroft and Smith* have 
noted the deleterious effect of low arc voltages (short 
arc lengths) and Table I shows how the welding 
current and hence the rate of solidification of the 
metal influences porosity as measured by the 
B.W.R.A. Porosity Code.* The higher porosity in the 
low current weld is noticeable with normally produced 
and cleaned electrode wire but is even more evident 
when uncleaned electrode wire is employed. 

While systematic tests show that de-greasing and 
scratch brushing of the surface of the weldment reduce 
the incidence of porosity, tests with moisture lying 
along the line of welding have given negative results as 
far as porosity is concerned. It is therefore concluded 
that only strongly adsorbed or chemically combined 
moisture as in hydrated alumina is important. Where 
electrode wire quality is in doubt it is important to 
remember that fillet welds and multi-pass butt joints 
will be most seriously affected. Close square butt joints 
will be 
electrode metal with the parent metal! 

An examination of fillet welds almost invariably 
slight entrainment of oxide at the root, with 
which is associated spherical or sometimes elongated 
porosity. These effects arise because the root of the 
joint is not thoroughly purged by ion bombardment 
and is not protected by the argon shield. Similar 
conditions obtain at the root of a partly penetrating 
butt weld and when such joints are made from both 
sides it 1s imperative that the passes interpenetrate 
adequately, otherwise gross centre-line porosity will 
result. It is frequently found necessary when making 
multi-pass welds in thick plate to back chip in order to 
remove root porosity. If this is not done there is a 
considerable risk that the root porosity may propagate 
upwards through the weld as subsequent passes are 
made, nucleating further porosity in the process. 


shows 


JIGGING AND TACKING 


Automatic methods are usually restricted to cases 
where the quantity of work to be undertaken warrants 
the time spent in setting up. Longitudinal and circum- 
ferential butt seams are particularly suitable, as are 


less seriously affected because of dilution of 
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butt seams in vessel ends made prior to spinning or 
dishing. The principal advantages of automatic weld- 
ing lies in the reduction in the number of stops and 
starts made in welding, and cases do arise where this 
advantage is of sufficient magnitude to override the 
economic disadvantage of lengthy set-up time. The 
chilling effect of the plate at the start of a weld bead 
gives rise to lack of fusion, lack of penetration, and 
also porosity. The porosity may result from physical 
entrapment of hydrogen expelled at the rapidly moving 
freezing front, or from lack of dilution with parent 
material with consequent increased gas content of the 
weld deposit as a whole, the parent metal usually 
having a lower overall gas content than the electrode 
wire. Tacks are essentially stop and start points and 
therefore for all work jigs are to be preferred. How- 
ever, jigs are expensive and in many cases impracti- 
cable due to the weight of the vessel being manu- 
factured. Where tacks are employed they should be 
completely chipped out where possible in order to 
remove the unsound metal produced in the tacking 
operation. This, however, is usually impracticable 
until one or more runs have been laid and it is there- 
fore difficult to ensure that all traces of tacking are 
removed from the finished joint, unless steps are taken 
by a suitable choice of current to ensure full fusion of 
the tack in subsequent passes. Tacks are usually made 
about 2 in. long and spaced at intervals of 12 in., and 
therefore their subsequent removal entails a consider- 
able amount of work which should be borne in mind 
when considering jigging as an alternative. High- 
quality work demands an accurate assembly of the 
edges before welding and where this is not the case 
misalignment can give rise to lack of fusion and 
variable penetration, while an excessive gap may 
cause porosity and even loss of control of the weld 


pool. 


EDGE PREPARATION AND WELDING SEQUENCES 


The presence of grease on the welding edges may 
give rise to serious porosity and therefore edges are 
best prepared by planing or routing without lubricant, 
and the minimum of time should be allowed to elapse 
between edge preparation and welding in order to 
avoid accidental contamination. The groove profile 
has a material influence on two major factors in weld- 
ing: namely, forward spatter and cold lapping. Weld- 
ing in a deep narrow groove inevitably causes forward 
spatter as metal tends to flow down from the deep 
weld pool formed behind the arc. This spatter is blown 
forward by the force of the arc and, being maintained 
in the molten condition, rapidly picks up hydrogen. 
Should the weld bead pass over this spatter then a zone 
of gross porosity will result. Figure 13 illustrates the 
extent of gas liberated on solidification of a typical 
spatter pellet. 

Cold lapping may arise when making multi-pass 
welds in deep narrow-angle grooves and results from 
an excessively convex bead being formed by the 
chilling action of the plate. This is generally mani- 
fested in lack of side fusion. Consideration of these 
two factors lead to the conclusion that narrow-angle 
V-preparations are satisfactory only where it is 
possible for them to be filled in one pass and their 
depth must be such that undue forward spatter is not 
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encountered. Forward spatter is increased by excessive 
forward torch inclination and for this reason the torch 
is usually operated vertically or with only a slight 
forward inclination. Cold lapping can be generally 
prevented by preheating but careful control is neces- 
sary as excessive penetration may then be obtained. 
Furthermore, problems of distortion are increased and 
in general preheating is only to be recommended 
where the highest quality is required and where rigid 
temperature control is possible. 

Production experience has shown that, where sym- 
metrical welds are made in thick plate, root cracking 
may occur if one side is completely built up before 
welding the reverse side, the notch formed by the un- 
fused portion of the root face propagating upwards 
through the weld in the form of a crack as shrinkage 
takes place in the top passes. Welds should therefore be 
built up in a symmetrical manner to avoid both crack- 
ing and distortion. For these reasons also, sym- 
metrical welds are to be preferred to single-side welds 
when joining thick plate. 


SHRINKAGE AND DISTORTION 


It has been found in practice that the maximum 
shrinkage that occurs in welded joints in pure 
aluminium is about 2 in. and that this occurs with all 
plate thicknesses above about 2} in. Plates of 4 in. 
thick show about 4 in. transverse shrinkage when 
welded, and 14-in. plate about } in. Where indis- 
criminate preheating is applied shrinkage and dis- 
tortion will be equally indiscriminate, and an instance 
is known to one of the authors where 2-in. transverse 
shrinkage occurred in a | }-in. thick weld that had been 
preheated to 400°C. Attempts to calculate weld 
shrinkage are necessarily approximate as the conditions 





13— Microstructure of spatter from an Al-5 °,, Mg alloy electrode 
showing porosity “175 
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14—-Automatic welding circumferential seams in 1 in. thick pure 
aluminium 


of heat flow are not exactly known, and at best the 
results do not differ appreciably from the practical 
observations quoted. 


OBSERVATIONS ON FILLET WELDING 


In the production of equipment for the chemical 
industry, particularly storage tanks, weld quality is of 
greater importance in butt joints than in fillet joints, 
and there is probably a far greater amount of butt 
welding than fillet welding. Hence it is with regard to 
butt welding that automatic welding techniques have 
principally been developed. However, there is ample 
evidence from other fields of engineering, notably ship- 
building, that automatic fillet welding techniques can 
readily be applied should the amount of work warrant 
their adoption. 


Table | 


Influence of welding current on porosity 








Electrode Condition Specimen Current, Voltage Voids, 
No. 4 7 
Usual chemically la 280 25-26 1-0 
cleaned wire b is “~ 1-0 
2a 280-285 25-26 1-0 
b ad 1-5 
Mean | 
3a 205-215 20-22 1-0 
b - ” 1-5 
4a 205-210 19-21 3-5 
b a 1-0 
Mean 1-7 
Uncleaned ‘as Sa 280-295 25-26 1-5 
manufactured wire b “ oi 0:5 
6a 285-290 25-26 1-0 
b - 1-5 
Mean 1-1 
Ta 205-215 19-20 8-0 
b > * 20 
8a 205-215 19-20 1:8 
b > a 1-0 
Mean 3-2 
Notes—Base metal: ¢-in. Al-5% Mg alloy 


Travel speed: 37-5 in./min 
Electrode: &-in. dia, Al-5% Mg alloy 
Argon flow: 60 ft"/h 
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FUTURE DEVELOPMENTS 


It is clear that the full advantages offered by the use 
of large diameter electrode wires with their increased 
current-carrying capacity have yet to be realised as 
with conventional equipment there appears to be an 
upper practicable limit of current at 400A. An increase 
in maximum usable current would result in an increase 
in the thickness of material weldable in square butt 
joints with one pass either side, an increase in metal 
deposition rate, and an improvement in economic 
welding efficiency. Research towards the improvement 
of welding equipment to enable these high currents to 
be utilized will be watched with interest by those 
whose concern is the fabrication of thick aluminium 
plate to high standards of quality. 


EDITOR—continued 
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Letters to the Editor—continued from p. 355 
increased. Failure has then occurred by a circumferential 
crack, with no increase in strength. 


A. A. WELLS (Assistant Director) 

P. H. R. Lane (Deputy Chief Metallurgist) 
British Welding Research Association 
Abington, Cambridge 


Dr. Wells and Mr. Lane have stated that I consider an 
ideal reinforcement results in a stress concentration of 
unity, and that a theoretical stress concentration of unity 
represents the optimum design condition for a pressure 
vessel. I should like to point out that I did not in fact make 
these statements which, in my opinion, are not generally 
true. Also, since their letter is concerned with comments on 
what they erroneously consider to be my optimum condi- 
tion for a reinforcement, I should like to refer them to one 
of their own reports (FE. 12/32/54) in which they state that 
a stress concentration factor of unity is the ideal value. 

The object of my paper was to summarize formulae 
necessary for the design of a reinforcement for an elliptical 
hole in an end-loaded flat plate. As in virtually all theoret- 
ical analyses of this type, including those by Dr. Wells, I 
issumed perfect continuity between the stressed plate and 
reinforcement. If, for any particular structure, this assump- 
tion is justified, the theoretical stress concentration gives a 
good approximation to the actual stress concentration 
iround the hole. In this case it seems reasonable to design 
the reinforcement so that the theoretical stress concentra- 
tion is as low as possible. It seems superfluous to add that 
this means as low as possible consistent with design and 
economic conditions and that when applied to pressure 
vessels, to the stress concentration calculated on the flat 
plate theory must be added stresses due to normal direct 
thrusts acting around the boundary of the hole and stresses 
due to applied bending moments, as in the case of duct 
attachments 

In my opinion, it is impossible to generalize on the best 
method of design, or complete design criteria, for a re- 
inforced hole in a pressure vessel. This does not mean that 
[ disagree with the findings of Commission XI of the 
International Institute of Welding, whose principal design 
criterion is that at points of stress concentration repeated 
yielding of the material must not occur: on the contrary, 
in the introductory remarks to my paper I stated that care- 
fully designed reinforcements eliminate plastic zones and, 
therefore, reduce the risk of brittle fracture and fatigue 
failure. 

It seems to me that a realistic way of designing a rein- 
forcement is to choose the method which appears to give the 
greatest factor of safety on the no-yield criterion, bearing 


in mind the accuracy with which one can calculate the 
stress concentration due to external loading and the 
possible effects of imperfect welding and weld details. 

For example, if one is considering a construction in 
which the reinforcement is welded to the plate, and if it is 
impossible to assess the effect of the weld, then it is reason- 
able to design the reinforcement so that the tangential 
stress concentration is nominally less than two, as suggested 
by Dr. Wells and Mr. Lane. li is worth noting, however, 
that in this instance one must arbitrarily decide on the 
acceptable maximum value for the theoretical stress, and 
this in turn depends on the accuracy, or confidence, with 
which this stress can be calculated. 

On the other hand, if one were designing a forged re- 
inforcement for a reactor pressure vessel, the arguments 
for keeping the tangential stress concentration nominally 
less than two no longer apply. This follows from the fact 
that the doubtful weld used in a through connection is 
eliminated, by using a forging with a T cross-section, the 
leg of the T being butt welded to the vessel plates. In this 
instance the weld would be radiographed and stress 
relieved, so that one could assume that around the hole the 
stresses in the plate are not significantly affected by the 
reinforcement-to-vessel weld. In view of all this, and bear- 
ing in mind that the material of the pressure vessel is to be 
irradiated for a period of twenty years, it seems reasonable 
to design the reinforcement on the assumption that the 
stress concentration around the hole should be kept as low 
as possible, and not nominally less than two. 


R. Hicxs (Head of Structural Development and 
Stress Analysis) 
G.E.C./Simon-Carves Atomic Energy Group, 
Erith, Kent 


Welding of Aluminium Bronzes 

A letter has been received from A. R. French and 
A. W. O. Webb of J. Stone & Company (Charlton) Ltd., 
relating to the paper by C. A. Terry and E. A. Taylor 
(BWJ, May 1958, p.211). 

Space does not permit the full letter and the authors’ 
replies to be printed in the present issue of the Journal, but 
they will be published later. 

In the meantime, the writers ask that it should be pointed 
out that the compositions of the ‘Superston’ alloys used by 
the authors are not consistent with the standard composi- 
tions, which are the subject of patents held by J. Stone & 
Co. The standard materials supplied by that Company are 
stated to be free from the cracking susceptibilities men- 
tioned by Terry and Taylor in their paper. Ed. 
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Application of the Numerical Analogue 


System to Oxygen Cutting Machines 


By L. J. Hancock and J. R. Arrowsmith, B.Sc. (Eng.) 


SYNOPSIS 
[He paper describes an automatically controlled oxygen cutting machine which has been fitted 
with a numerical analogue control system to achieve automatic operation without the use of 
templates or facsimile drawings 
rhe control system continuously defines the position of the burner and also operates the flame 
controls, both functions being coded on a punched paper tape. The desired position of the burne 


is set up as electrical voltage analogues in two co-ordinates, and the machine is provided with 


apparatus to measure its ac tual position. 


} ! 


Any difference between this and the desired value forms 


a signal which drives the burner to reduce the difference. 


rhe paper sets out the requirements for automatic oxygen cutting, describes the numerical 


analogue system and shows how it is applied to meet these requirements. Finally, the advantages 


and applications of the system are discussed, 


electronically controlled oxygen cutting mach- 
ines, which trace shapes automatically from a 
light spot following a drawing, the generally accepted 
method of control was the use of steel templates in 
conjunction with a magnetized following roller. This 
new method of electronic control was a great advance, 
and since its introduction a considerable number of 
machines thus equipped have been supplied. 
Increasing demand for profiled plates of greatly 
increased size, particularly in shipbuilding, has how- 
ever made it vitally necessary to devise a control 
system for oxygen cutting machines that will dispense 
with impracticable full-size drawings or templates. 
There have been two lines of development in this 
direction. The first has been the production of 
machines guided from a drawing one-tenth full size 
or from a photographic negative itself further reduced 


Be the introduction, some ten years ago, of 


by one-tenth, i.e., ; 4, full size. A second development 
is that of operation from a prepared tape programmed 
to control all movements and functions of the machine. 

Machines operating from photographic negatives 
:do full size are already in production. Magnification 
is achieved either by marking plates full size from the 
projected outline of the negative, or by the use of a 
master tracer following the scale outline and linked 
electronically to a slave machine cutting to full size. 
Machines of this type have sometimes achieved 
economies in comparison with earlier machines, but 
certain limitations should be borne in mind. Firstly, 
any error in the scaled-down drawing or photographic 





Paper to be presented at the Autumn Meeting in London. 
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negative will be multiplied by a corresponding amount, 
i.c., 10 or 100 times, on the finished profile. Further- 
more, such operations as preheating, piercing, starting 
cuts, and running-in cannot be performed automati- 
cally on such machines and have to be manually 
controlled. 

This paper is concerned with the application to 
oxygen cutting of a system of fully automatic control 
from a punched tape, a system already proven on other 
types of machine tool such as profile milling machines. 
Before proceeding to describe this system in detail it is 
desirable to consider the sequence of operation of a 
mechanized oxygen cutting installation: 


(i) The plate is positioned on the machine 
(ii) The burner is brought to the preheating position 
(iii) Fuel gas and heating oxygen are turned on and ignited 
(iv) The plate is preheated 
(v) Cutting oxygen is turned on 
(vi) The burner is run in to the starting position 
(vii) The burner is driven at constant speed and guided along 
the profile path, and simultaneously the burner nozzle is 
maintained at a constant height from the plate surface 


The machine has to be stopped and restarted if the 
cutting process ceases. 


(vill) 


A profiled plate may contain one or more internal 
cut-outs, in which case the cutting process must be 
stopped and restarted for each separate outline, and 
between each finishing and restart position the burner 
must be moved, preferably at a higher speed. 


PRINCIPLES OF NUMERICAL ANALOGUE CONTROL 
General 

The numerical analogue system uses punched paper 
tape to control the operation of the cutting machine 
automatically. The dimensional information that 
specifies the part to be cut is converted from the form 
given on the engineering drawing into the cartesian co- 
ordinate form required by the machine. Each co- 
ordinate has five-figure accuracy; for example, a point 
might have co-ordinates 29-965 in. and 15-152 in. 
from the datum axes. These values would then be 











PUNCHED CODE SYMBOL INSTRUCTION 
* 0 0 
.« © ' 
« @ 2 2 
ee 3 3 
@e 4 4 
ee @ s 5 
@:e@ 8 5 
@-ee@ ? ? 
3 e 8 2 
e) e« © 9 9 
& bd t stop 
ww e« @ 8 ALIGN CONTROL SYSTEM 
@ee:e0e * ERROR 


1—Hole code used for information contained on punched tape 
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transferred to the control tape by means of a tele- 
printer, which punches a sequence of holes to 
represent the profile (see Fig. 1). The procedure for 
preparing a tape has two distinct phases; the first being 
the calculation of co-ordinate information from the 
drawing and the preparation of a programme sheet; 
the second being the typing of the co-ordinate data on 
to the tape from the programme sheet. The number of 
points to be encoded varies with the size and com- 
plexity of the part. There must be a sufficient number 
to define its shape to the desired degree of accuracy, on 
the assumption that these points will be linked with a 
series of straight lines and parabolic arcs. 

After preparation and checking, the tape is taken to 
the cutting machine, where it is passed through a tape 
reader. This extracts the data, which is fed to a storage 
unit where it is converted into analogue voltage form. 
A number of voltages are thus set up, each propor- 
tional to and representing one co-ordinate of a point 
on the profile to be machined. (Each point requires 
two co-ordinates to define its position in a plane and 
therefore two voltages are set up for each point.) The 
voltages are then applied to an interpolator, which 
fills in the profile between data points, and produces a 
voltage varying with time to represent the contour of 
the profile. This voltage thus represents the required 
position of the burner at any instant, and it is used as 
the signal to control the movement of the burner. 

To enable the burner to do this, it is necessary to 
measure its actual position, to compare this with the 
required position, and then to move the machine until 
the two coincide. In the system being described, the 
burner position is measured as the voltage output of a 
highly accurate potentiometer, and is directly com- 
pared with the required position voltage, any differ- 
ence between the two being amplified and fed to a 
motor so that the difference is reduced to zero. This, 
in brief and general terms, is the E.M.I. numerical 
analogue system of control. In the following para- 
graphs, the main functions of the system will be 
described in greater detail. The control equipment is 
illustrated in Figs. 3-4, and a block diagram of the 
system is shown in Fig. 5. 


Control tape 

The tape used in the system is standard 3 in. wide 
teleprinter tape, which has five tracks of holes in addi- 
tion to a track of small holes for the purpose of index- 
ing. The dimensional information, in cartesian form, 
is encoded on to tape as a sequence of holes. It has 
previously been mentioned that each co-ordinate is a 
five-figure decimal number and each point on the 
profile has two co-ordinate dimensions. The control 
tape has five tracks of holes, and in any one row across 
the tape a hole may or may not be punched in each 
track. There are therefore 32 different combinations of 
holes and spaces possible in any one row. Only one 
digit, which may be any figure from 0 to 9, is contained 
in a row. Therefore one co-ordinate dimension re- 
quires 5 rows of holes to define it, and one point on the 
profile requires 10 rows. It will be noticed that only 
10 of the 32 possible combinations of holes are used for 
the dimensional information and these 10 (including a 
blank row for zero) are confined to the first four 
tracks. The other 22 combinations, which include the 
fifth track, are available for control information; e.g., 
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2—Typical transformer-switch circuit for interpolator 


start, stop, preheat, and so on. If an error should 
occur in coding the tape, its presence is indicated by 
overpunching all the holes in that row, which is a 
signal to the machine to ignore the information 
contained in that particular row. With the code shown 
in Fig. 1, the potential accuracy of the system is to 
within 0-001 in. 


Stores and interpolator 

The function of the stores and interpolator is to 
produce a smooth curve of voltage from the data 
contained on the control tape. The principle of the 
operation of the system is that any profile may be 
produced by making a series of parabolic curves, each 
one defined by three data points, which when joined 
together form a smooth curve (similar to the use of 
French curves). To instrument this principle, the three 
data points are applied to an electrical transformer and 
switch circuit (Fig. 2), which produces a number of 
additional points along the curve between the original 
data. These new points are themselves subdivided so 
that the original data are divided into a very large 
number of parts giving a great many derived points, 
all of which lie on the smooth curve. The interpolator 
is motor driven so that a voltage varying continuously 
with time is obtained, and is used as the input to the 
machine servo-system described later. An ancillary 
function of the interpolator is to provide signals to 
move the tape through the reader so that new informa- 
tion is extracted from it whenever necessary. 


Machine drive and feedback unit 

To allow the machine to be controlled automati- 
cally, drive and feedback units are required for each 
ordinate; the drive unit to move the burner, and the 
feedback unit to provide a voltage that is a measure of 
burner position, which can in turn be compared with 
the interpolator voltage. The motors used are d.c. 
split-field servo-motors, which rotate both ways and 
drive the machine through a gearbox and rack and 
pinion. The feedback unit is fundamentally an elec- 
trical potentiometer, which is rotated as the cutter 
moves, and which therefore give a voltage output from 
the slider that is proportional to the cutter position. 
In the E.M.I. system this potentiometer is a compound 
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3— Position-identifying potentiometer 


arrangement of transformers similar to that of the 
interpolator. It has a basic range of 100 in. and a 
voltage discrimination equivalent to 0-001 in. of burner 
movement. 

The voltage output of this unit is compared with the 
interpolator output, and the difference is applied to an 
amplifier whose output supplies the servo-motor field 
windings so that the burner moves to reduce the 
voltage difference to zero. This is the position of the 
burner demanded by the interpolator. To summarize, 
the positional information contained on the tape is 
converted into a voltage which then forms the input 
to the machine servo-system described and so moves 
the burner along the required profile. 


APPLICATION OF ANALOGUE CONTROL TO OXYGEN 
CUTTING 

The control requirements may be divided into two 
groups; those for igniting and controlling the flame, 
and those for controlling the speed and path of the 
burner. 

Control of the flame does not form part of the ana- 
logue system, although it is included on the paper tape, 
using the non-numerical codes previously mentioned. 
The basic requirements for guiding the burner are: 

(a) The system must control the path of the burner. 


(6) The burner must travel at a constant speed, typically 
about 6-30 in./min. 


(c) The burner must move at increased speed between the 
finish of one cut and the start of the next 


(d) The burner must be stopped if the cut is lost, and restarted 
at the correct position. 
Each of these requirements will now be discussed in 
relation to the principles of the system. 


Controlling the path of the burner 

To control the position of the burner continuously, 
a two-axis system is provided using two motors, one 
to drive longitudinally and a second to drive trans- 
versely. The method of converting the dimensional 























4—Typical transformer-switch circuit for position potentiometer 


data into voltages, and the control of the position of 
the burner has already been described (p. 370). A modi- 
fication to the standard analogue control system is, 
however, needed, for this would not necessarily drive 
the burner at constant speed. 


Constant speed travel 

Two ways of satisfying the requirement of constant 
speed have been considered, either of which might be 
used. To understand the first, the nature of the control 
must be fully understood, and therefore it is briefly 
restated. The system accepts data in the form of co- 
ordinate points on the profile, which it joins by a 
smooth curve in an interpolator. If the interpolator 
were to be driven at a constant speed, the time taken 
to move from point to point would be constant. It 


Paper-tape reading head 


Sequencing switch 


» 


Relay store, comprising five 
subd-stores 


Store selector switch 


5 Parabolic and linear interpolation 
circuits 


6 Difference amplifier 

Power amplifier 

8 Servo motor 

9 Position identifying potentiometer 
10 Transverse carriage 

11 Main carriage 


5—Block diagram of system 
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therefore follows that if the points were equally spaced 
along the profile a constant burner speed would be 
achieved. There is, however, the disadvantage that the 
spacing must be small enough to allow the sharpest 
curve to be negotiated—and this would need a large 
number of data points. An alternative method of 
obtaining constant speed has therefore been devised. 
This involves monitoring the co-ordinate speeds. The 
electrical signals obtained are combined to indicate 
the travel speed of the burner. This is then compared 
with the desired speed and the error signal is made to 
drive the interpolator to match the speed to that 
desired. This method allows the data points to be un- 
equally spaced, thus giving the most advantageous 
operation of the analogue system by allowing a plate 
to be profiled from the minimum of data points. 


Speed increases between cuts 

The increase in the speed of travel when moving the 
burner to a new start position after completing a cut 
is achieved by automatically switching the value of the 
desired speed by means of one of the non-numerical 
codes on the tape. This is simply the electronic equiva- 
lent to changing up to a higher gear in a motor car. 


Constant height 

This function is performed by means of a fully 
automatic device, which has been available on some 
cutting machines for several years, and need not there- 
fore be described here. This device is switched in and 
out at the appropriate time by means of a non- 
numerical code signal from the punched tape. 


Loss-of-cut procedure 

If for some reason the cutting action ceases, the 
cutting oxygen is shut off and the interpolator is auto- 
matically stopped, bringing the machine to a stand- 
still. After a suitable delay to allow the metal to be 
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reheated, the cutting oxygen is again turned on and the 
machine restarted automatically. This procedure is 
quite adequate, for the interpolators come to rest with 
less than 0-005 in. run-on, and the burner aligns itself 
automatically with the interpolators. This enables 
cutting to be restarted at the point at which the burner 
came to rest. 


Width of cut allowance 

In addition to the particular requirements discussed, 
the machine is fitted with a means of compensating for 
the width of cut and thus allowing the input data to 
be calculated direct from the dimensional drawing of 
the part. 


Flame control 

At the start of a cut, the burner must be brought to 
the edge of the plate or to a piercing position, and a 
signal given for the pre-heat gases to be turned on and 
ignited. This signal is contained on the tape as a 
special non-numerical code. This signal turns on the 
pre-heat gases, ignites them, and initiates a time delay, 
after which the cutting oxygen is turned on and the 
machine is set in motion. The delay can be adjusted 
and is preset to the correct value for the particular 
plate being cut. 


Operation of machine 

The sequence of operations to cut a plate using the 
controlled machine is as follows. After the correct 
nozzle has been fitted and the pre-heat gases adjusted, 
the burner is brought to a datum position. The start 
button is then pressed and the machine comes com- 
pletely under the tape control, all subsequent opera- 
tions being carried out automatically. The burner 
proceeds to the first position at which the cut is to be 
started, the pre-heat gases are turned on, ignited, and 
the time delay initiated. After the preset delay, cutting 
commences, and the machine starts to move around the 
profile, continuing to do so until the cut is finished, 
when the flame is automatically extinguished. The 
burner then proceeds to the next starting position and 
the procedure is repeated until the cutting operations 
are complete. 


APPLICATIONS AND ADVANTAGES 

Applications 

The system of control described in this paper is 
ideally suited to those applications where big tonnages 
of large curvilinear plates are required, possibly with a 
number of internal cut-outs. The system will therefore 
be particularly useful in the shipbuilding, railway, and 
heavy electrical machinery industries, where large steel 
plates have to be prepared for which the production of 
templates and patterns, and operation from these, is 
difficult if not impracticable. 

The shipbuilding industry will undoubtedly be the 
major user of this type of equipment. 


Advantages 
The unique advantage of the numerical analogue 
system of control is that it is the only one in existence 


ANALOGUE CONTROL OF OXYGEN CUTTING 373 


or envisaged that offers automation of the oxygen 
cutting process without the use of a computer. 

A conservative assessment of the economics of 
analogue controlled oxygen cutting machines indicates 
that as against conventional methods they will reduce 
the cost of cutting plates with curvature, for example 
in a shipyard with an annual launching programme of 
75,000 tons deadweight, by something over 40°,. This 
represents a greater economy than has yet been 
achieved by systems operating from scaled-down 
photographic negatives. Furthermore, in comparison 
with a system requiring the processing of data by a 
digital computor, the analogue control system should 
be more economical in running costs by a margin of 
about 5°,. This saving arises mainly from the fact that 
the analogue control punched tape is ready for imme- 
diate use on the machine and does not require to be 
sent to a centralized digital computor service; the cost 
and delay which this entails is thus entirely obviated. 
Again, the capital cost of machines working to the 
analogue system is likely to be lower than that of 
machines operating from tapes produced by a digital 
computor, and depreciation costs will be correspond- 
ingly more favourable. 

Another significant advantage of analogue tape 
controlled machines over earlier types is the saving of 
the floor space previously taken up by the full-size 
tracing table. Accuracy comparable with that of 
tracing from a full-size drawing or template is 
achieved by machines operating from scaled-down 
photographic negatives only by the use of preparatory 
techniques calling for highly refined equipment and 
human skill. On the other hand the inherent accuracy 
of working from numerical data recorded on the 
punched tape exceeds that to be expected from full- 
size drawings and templates. 


CONCLUSIONS 


The advent of numerical analogue controlled 
machines offers industry automation of the oxygen 
cutting process without the use of a computor. 

It is however worth mentioning that anaiogue com- 
putors are now being applied to the fairing of ships’ 
lines; where they are available for such purposes they 
could also be used to assist at the programming stage 
in the preparation of punched tapes for the oxygen 
cutting machines. 

The net result of these developments would be to 
release men and space in the mould loft as well as to 
eliminate moulds, templates, and marking out. A fully 
integrated system would provide a shorter and more 
direct route from the naval architect’s lines to the 
accurately cut plate, which one day may even also be 
welded by systems of automatic control. 
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Properties of Fusion Welds in Unalloyed 
Titanium and Ti-5% Al-2:%Sn Alloy Sheet 


SYNOPSIS 


Tue welding characteristics of commercially pure titanium 
(ICl-130) and the alpha alloy Ti-5°,Al-2$%Sn have been 
determined for butt welds made in a closed chamber contain- 
g high purity argon 
Slight porosity, observed in several instances, is shown to be 
lue to entrapped argon gas. The as-w elded properties of these 
r ria is determined by tensile and bend tests are only 
tly inferior to those of the parent sheet. Delayed crac king, 
hydrogen, is reported for one batch of the Ti-¢°oAl 
wn ill ”y 


that the production of fusion welds in titanium 
having adequate strength and ductility depends 


Attar of published literature has indicated 


on 


a) Parent alloy constitution 


(5) Amount of interstitial elements present, i.e., carbon, 
oxygen, nitrogen and hydrogen 
(c) Degree of atmospheric contamination during welding. 


Of the numerous titanium alloys now commercially 
available, those producing ductile welds are restricted 
mainly to the alpha types, e.g., commercially pure 
grades of titanium, and the 5°,Al-24}%Sn alloy. 
Higher strength alloys of the alpha-beta class exhibit 
embrittlement in the fused and heat-affected zones, 
due to transformation hardening during the weld 
thermal cycle, though often a certain measure of 
ductility can be restored by a suitable post-heat treat- 
ment. It has been reported' recently, however, that an 
alpha-beta alloy containing nominally 6°% Al and 
4°. V has acceptable strength and ductility in the 
as-welded condition. 

In the welding of titanium it is necessary to use the 
inert-gas shielded arc, because of the need to prevent 
atmospheric contamination of the molten pooi. 


By J. C. Borland, L.1.M., 
and W. G. Hull, F.1.M. 


Furthermore, since oxygen and nitrogen diffuse 
rapidly into the material at temperatures below the 
melting point, it is also necessary to protect the weld 
bead and adjacent zones while the weld joint is 
cooling. Practical solutions to this problem are to 
weld in an inert-gas filled chamber or, if welding in the 
‘open air’, to use nozzles designed for this purpose.* 
Backing argon is required to protect the underbead. 
The present report is concerned with the evaluation 
of the basic properties of materials welded in a closed 
chamber containing argon of high purity. The equip- 
ment has been designed to permit welds to be made 
under highly contamination-free conditions, so that a 
reliable evaluation of the weld properties of materials 
under investigation can be made. Information ob- 
tained in this way also enables the properties of ‘open 
air’ welds to be assessed with more certainty and should 
indicate the levels of contamination that can be 
tolerated without deterioration in properties. 


MATERIALS 


The investigation was concerned with two alpha 
materials, namely, commercially pure titanium (ICI 
130) and two grades of sheet in the 5°,Al-24$°,Sn 
alloy (Tables I and II). 
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Table I 


Composition of materials 





Sheet 
thickness, Al, Sn, Fe, C, O. Ns As, 


in. o o ° °o °o ° °o 


o °o o ) 


Material 


C.P. titanium 








(ICI-130) 0-064 nad nd 0-06 0-05 0:19 0-03 0-007 
5 °,Al-24°,Sn 
(ICI-317) 0-064 4:78 2-49 0:04 0:02 0-15 0-03 0-009 
5°,Al-24°,Sn 
(A1L10-AT) 0-064 4-6 2-53 0-18 0-07 0-17 0-05 0-018 
0-035 
Table I 
Mechanical properties of parent materials 
Limit of Elong. Bend ductility 
Material proportionality, U.T.S., - M.B.R., Elong., 
tons sq.in. tons/sq.in. on Rt y 4 
/ in. 
C.P. titanium 
(ICI-130) 22-2 27:3 34-0 0-7 > 45 
5°. Al-24°.Sn 
(ICI-317) 51-6 54:6 18-5 2-9 16-0 
5°,Al-24%,Sn 
(AL10-AT) 58-4 60°4 17-0 3-0 15-0 





Commercially pure titanium is essentially a dilute 
alloy containing carbon, oxygen, nitrogen, and iron, 
together with small amounts of hydrogen. Very small 
amounts of oxygen and nitrogen cause considerable 
hardening and strengthening, but also, unfortunately, 


have a marked embrittling effect ;*» 4 manufacture of 


unalloyed titanium is thus tending to be restricted to 
tensile strengths of less than 40 tons/sq.in. Iron is 
present in titanium to the extent of 0-1-0-2 wt. °% and, 
at these levels, it has little effect on the hardness and 
tensile properties. Hydrogen in amounts of 200-300 
p.p.m. does not harden the material perceptibly but 
greatly reduces the impact strength, particularly when 
notches are present.° Present trends in the production 
of titanium are to keep the hydrogen contents to less 
than 150 p.p.m. to avoid embrittling effects. 

The titanium-aluminium-tin alloy® is also an alpha- 
type material, but its strength characteristics are 
mainly derived from substitutional alloying elements. 
Carbon, oxygen, nitrogen, and hydrogen exert similar 
effects as in unalloyed titanium. The tolerance for 
hydrogen is slightly greater however because of the 
higher hydrogen solubility conferred by the aluminium 
and tin. 


WELDING CHAMBER 


A detailed description of the B.W.R.A. welding 
chamber has been given by Mombrun and Hull.? A 
general view of the unit is shown in Fig. 1. The 
chamber measures about 30 144 in., the height 
being small to minimize the internal volume. The torch 
assembly can accommodate electrodes up to } in. 
dia., and these can be inclined for forehand or back- 
hand welding. A vacuum of less than 10-* mm Hg 
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1—B.W.R.A. welding chamber 


can be achieved in 10-15 min. if the chamber has been 
used within the past 24 hours. 

The d.c. power supply to the chamber is provided by 
a transformer rectifier set, which has a steeply droop- 
ing output characteristic having an open circuit 
voltage of 82 V and a stepless current output within 
the range 5—200 amp. 


EXPERIMENTAL PROCEDURES 


Preparation of materials 

The materials were received in an annealed condi- 
tion. Before welding, the sheets were sheared into 
6 x 24 in. strips, degreased with acetone, pickled in an 
aqueous solution containing 24°, HF and 47°% HNO, 
for 15 min., then rinsed under running water for 
5 min., and finally washed in alcohol before being 
dried thoroughly in a hot air stream. During these 
operations the material was handled with nickel tongs. 
Further precautions were taken using rubber gloves to 
prevent possible contamination arising from the hand- 
ling of the sheets during the jigging and subsequent 
loading into the chamber. 
Welding 

As a standard procedure for welding, before admit- 
ting argon, the chamber is pumped continuously for 
4 hr. at a pressure of 10-5 mm Hg. Theoretically the 
residual air in the system at this pressure is 10-°/760 
or 0-00000132°,, and is much less than the impurity 
level of the argon used. 

Welds of similar molten bead width were made 
using different currents and speeds, so as to investigate 
the possible effect of the weld thermal cycle on joint 


properties. The arc gap was kept constant at 0-06— 
0-07 in. 
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Test methods 
The methods used for evaluating weld joint prop- 
erties were: 
(i) Gas analysis 
(ii) Radiographic examination 
(ii) Transverse and longitudinal tensile tests 
(iv) Longitudinal bend test 
(v) Hardness explorations. 


An estimate of weld joint strength was obtained 


from transverse tensile specimens, and the strengths of 


the fused zone and adjacent heat-affected zone were 
evaluated by means of longitudinal tensile tests. The 
forms of the tensile specimens are shown in Fig. 2. The 
transverse test indicates the strength of the weakest 
zone and thus is informative only in regard to the 
maximum stress that can be tolerated by the weld 





3-0 
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> ee aoe i ee 
‘TSS, 01875 00005 ; (b) 
a 3-0 longitudinal 
tensile 


oe i All dimensions ee 
() Dwar: 0-75 in inches longitudinal bend 
_ illieeteniiel ! 


joint as a whole, whereas the longitudinal test gives an 
indication of the strength and ductility of the fused 
bead and adjacent zones, for the various zones of the 
weld joint, unlike the transverse test, are subjected to 
the same strain. All specimens were ground flush 
before testing to eliminate possible effects of weld 
shape. 

The longitudinal bend test was selected as the pre- 
ferred method of assessing bend ductility of titanium 





weldments. Not only does it indicate the ductility of 
the weld joint as a whole but it enables the zones of 


least ductility to be located. The form of the bend test 
is illustrated in Fig. 2. A width/thickness ratio of 12 
was selected so that the bending of the joint is carried 
out under plane strain conditions and also so that the 
specimen width includes weld metal, heat-affected 
zones, and parent material. The test was carried out by 
pressing material and former into a block of lead to 
prevent ‘peaking’. The weld face was subjected to the 
greatest tensile stress. The significance and interpreta- 
tion of the bend test will be discussed in a later paper. 

Hardness explorations were conducted to indicate 
the overall variation in properties across the weld and 
heat-affected zones. 


EXPERIMENTAL RESULTS 
Gas analysis 
Typical results of determinations of oxygen, nitrogen, 
and hydrogen in the weld metal are summarized in 
Table III. 
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Table Il 
Gas analysis of C.P. titanium and 5°,,Al-2}° Sn welds 





Material Oxygen, Nitrogen, Hydrogen, p.p.m. 

70 p.p.m. Parent sheet Weld metal 
ICI-130 0-16-0-19 250-300 60-70 50-65 
ICI-317 0-14-0-17 220-330 80-100 60-80 
AL1O-AT 0-07-0-19 240-560 240-260 110-140 





The methods used in the determination of the gases 
have been described by Booth, Bryant and Parker.* 
Although there is sometimes a considerable spread in 
oxygen and nitrogen figures, they do show that there 
was no pick-up during welding, since the mean figures 
are not significantly different from those for the parent 
material. Analyses of sheet material before and after 
pickling indicated that no hydrogen absorption had 
occurred. The hydrogen content of the fused metal in 
the alloys was lower than that in the original sheet, and 
indicates evolution of hydrogen from the fused zone 
during welding. The hydrogen contents of the heat- 
affected zones were not significantly different from 
those of the parent sheet. 


Weld porosity 

Slight porosity has been observed in several inst- 
ances in radiographs of butt welds between square 
edges, and has been shown to be due to entrapped 
argon gas. Argon was detected by the use of a tech- 
nique involving irradiation of the weld sample.* It is 
significant that uncontaminated melt runs made on 
plane sheet have not exhibited porosity, as shown by 
the radiograph in Fig. 3, nor have similar runs 
deliberately contaminated with oxygen, nitrogen, and 
hydrogen. The unsoundness therefore cannot result 
from volatile impurities or other gases already present 
in the sheet material. The incidence of porosity appears 
to be influenced mainly by two factors: 

(i) Surface finish of the edges, 

(ii) Weld penetration. 


There is evidence to show that irregularities in 
surface finish, such as coarse machining marks, lead to 
entrapment, and where this occurs the amount of 
argon retained within the weld metal as pores depends 
on the rate of solidification. In practice, a higher 
incidence of porosity has been found in welds where 
penetration to the underside is either incomplete or at 
a minimum. In joints of this type, the pores are usually 
distributed throughout the fused zone, whereas an 
increase in penetration causes the porosity to be located 
at the edge of the weld metal. Where penetration has 
been excessive, porosity is usually absent. 

Examination of the fractured surface of an in- 
completely fused weld in Ti-Al-Sn material indicated 
a mechanism of pore formation by simple mechanical 
entrapment of argon. Examination at high magnifica- 
tions indicated that this occurred in the heated zone 
ahead of and underneath the molten pool where 
partial solid-phase bonding takes place. 

Figures 4 and 5 show the effect of two methods of 
surface finish on the incidence of porosity in 5°,Al- 
24°,Sn. Commercially pure titanium as shown in 
Fig. 6 does not appear to be as prone to porosity 
troubles. Nevertheless, mechanical entrapment does 
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they occasionally bridge to form long argon-contain- 
ing ellipses. With increasing diffusion, the cavities later 
form into small pockets sealed between the solid 
sheets and, as the arc approaches and softens the 
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Table IV 
Mechanical properties of welds in unalloyed titanium (ICI-130) 





Welding Limit of 

Specimen speed, proportionality, U.T.S., 

No. in min, tons sq.in. tons sq.in. 
Sheet 22-2 27:3 
Weld 45 3-0 20:2 24:2 
Weld 41 6°5 22:1 24-4 
Weld 40 12-5 21-4 23:1 
Weld 50 13-0 22-2 25-6 
Weld 51 14-0 21:1 26°8 
Weld 79 15-0 22:3 26°8 


Bend ductility 
Elongation, Fracture* VM.B.R., Elong., 

°, on 1 in. Rt % 

34-0 - <0-7 > 45 
27°5 P.S. 1-3-1-5 30-27 
26-0 P.S. 1-3-1-5 30-27 
26:0 P.S. 1-3-1-5 30-27 
25-0 W HAZ 1-3-1-5 30-27 
26:0 P.S. 1-3-1-5 30-27 
27°5 P.S. 1-3-1-5 30-27 





* P.S.= parent sheet : W/H 


material, the argon pockets expand to form spherical 
pores, which subsequently rise and may or may not be 
entrapped according to the time the weld metal 
remains molten. 

The results obtained show that, to minimize poros- 
ity in butt welds, particular attention should be paid 
to the surface finish of the edges, and also that adequate 
penetration should be developed during welding to 
allow sufficient time for the entrapped gas to be 
evolved. Alternatively, a gap sb vuld be provided be- 
tween the sheets so as to allow the joint to be com- 
pleted by filler additions. 


Mechanical properties 
Unalloyed titanium (ICI-130) 

The properties of transverse tensile and longitudinal 
bend tests for welds made over a range of speed but 
with constant bead width are given in Table IV. 

Failure in tension normally occurred in the parent 
sheet at strengths slightly lower than for the unwelded 
material, but at the higher welding speeds the differ- 
*nce was only small. The overall elongation value for 
welds was about 26°, compared with 34°; for the 
parent sheet. Since fracture was located at positions 
emote from the weld metal and heat-affected zones, 
he properties of these areas were investigated by 
longitudinal tensile tests machined from a weld made 
at 6 in/min. The results are shown in Table V, which 
includes values for the corresponding transverse test 
and parent sheet. 


Table 
Mechanical properties in » eld zone of unalloyed titanium (ICI- 130) 





Specimen Fused zone, fe bt Elongation 
tons sq.in. *, on I in, 
73 >? >). 
oo - 4 96 ase a3 
wae c 100 23-27 31-2 
Sheet 27-3 34-0 
Transverse weld 24:2 27°4 





The weld metal itself (specimen C) was slightly 
stronger and was more ductile than the heat-affected 
zone immediately adjacent, as indicated from the 
results given by specimens A and B, although all zones 
exhibited lower strength than the parent sheet. 

The results of bend tests included in Table IV show 
that the weld joint as a whole had lower ductility than 





AZ= Weld heat-affected zone 


the unwelded sheet. Cracking occurred in the heat- 
affected zone, showing this to be the least ductile 
region. Additional tests indicated that the weld metal 
itself could withstand 180° of bend over a former 
radius of It (40° bend elongation) thus exhibiting 
higher ductility than the heat-affected zones, but again 
less than the parent sheet. The lower ductility of the 
heat-affected zone confirms results reported by Steven- 
son" and Gurevich'*, who associate it with grain 
coarsening above the transformation temperature. It 
may however be due to re-location of interstitial ele- 
ments, oxygen and nitrogen, to previously formed beta 
grain boundaries. 


Ti-5°,Al-2§°,Sn alloy (ICI-317 and A110-AT) 

The tensile and bend test properties exhibited by 
welds in the two grades of sheet in this alloy are 
summarized in Table VI. With both materials, inter- 
crystalline tensile fractures occurred through weld and 
heat-affected zones. When the slight reinforcement pro- 
duced by local upsetting was left intact, failure 
occurred mainly in the unaffected sheet about 0:3 in. 
from edge of the weld, giving an elongation of 
about 16°. 

Welds in these materials have shown strengths 
virtually equivalent to those of the parent sheets, but 
there is rather more variation in overall elongation 
developed across the joints than with welds in un- 
alloyed titanium. The Al10—AT grade is the stronger 
and also exhibits a much higher limit of proportion- 
ality. No significant differences in properties are shown 


Table VI 


Mechanical properties of Ti-5°., Al-24°.,Sn welds 





Limit of 

Welding propor- U.T.S., Elong. Bend ductility 

Specimen speed, tionality, tons °, on M.B.R., Elong. 
No. in/min. tons/sq.in. sq.in. lin Rit A 

ICI-317 
Sheet — 51-6 54-6 18-5 2:9 16-0 
Weld 58 6°5 49-0 53-4 9-7 3-3 14-0 
Weld 59 6°5 48-6 53-4 12-3 3-3 14-0 
Weld 60 70 48-2 53-0 9-7 33 14-0 
Weld 61 90 48:3 53:2 9-2 3-3 14:0 
Weld 62 12-0 47-7 54:2 13-6 3-3 14-0 
Weld 63 16-0 48-0 54:3 10-7 3-3 14-0 
A110-AT 
Sheet — 58-4 60-4 17-0 3-0 15-0 
Weld 57 6-0 58-5 59-1 10-9 5:5 9-5 
Weld 56 12-0 57-2 58:8 12-4 5:5 9-5 














(a) 
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over the range of welding speeds investigated. Bend 
test results for welds in ICI-317 showed that 14% 
elongation developed in the weld joint before cracking 
occurred, which compares favourably with that for 
the parent sheet. This is in contrast with results ob- 
tained for welds in the A110-AT sheet, which were 
significantly lower than those for unwelded material. 
Hardness surveys 

These were carried out to indicate the overall varia- 
tion in properties across the weld metal and heat- 
affected zones. A summary of the surveys is given in 
Table VII. 


Table VI 
Weld joint hardness of C.P. titanium and 5°.,Al-2} °.Sn welds 





Parent sheet Average weld joint hardness, 


Material hardness, D.P.N. 

D.P.N Weld Metal HAZ*(max) AZ*(min) 
ICI-130 153 161 167-174 147 
ICI-317 306 345 347-357 301 
ALIO-AT 320 355 363-380 310 





* Heat-affected zone; tAnnealed zone 


For all materials the average hardness of the weld 


was higher than that of the sheet, and a gradient of 


hardness existed between the weld and the heat- 
affected zone adjacent to the parent material, where 
the minimum hardness was recorded. At this point, no 
structural changes were observed in the microstructure, 
thus indicating that the softening was probably due to 
‘recovery’ mechanisms. The hardness increase in the 
heat-affected zones was associated with increasing 
fineness of Widmanstatten needles as the weld zone is 
approached. The hardness increase in the fused zone 
was greater in the ICI-317 alloy than in unalloyed 
titanium, but must be due to reasons other than con- 
tamination, since analysis results showed that there 
was no gas pick-up. 
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Weld cracking 

Welds in ICI-130 and -317 showed no tendency to 
crack but delayed cracking was experienced in certain 
test welds made from the batch of A110-AT material. 
The radiographs, which were prepared shortly after 
the welds had been completed, showed no evidence of 
cracking, the first visible signs of failure being ob- 
served about a week later (Fig. 8a). The crack appears 
to have initiated from the front end of the weld pool 
where the butted sheets provide a notch, and has 
extended up to the edge of the fused zone. Five weeks 
later the crack had propagated into the heat-affected 
zone (Fig. 84). Further observations up to 10 weeks 
later revealed no further propagation of the crack. 

The general shape of the crack and its tendency to 
align itself with the direction of welding resembles a 
similar type of failure in an alpha-beta alloy (34 °,Mn- 
14°<Al) containing over 350 p.p.m. of hydrogen, and 
is indicative of the nature of the stress field about the 
weld. Fracture is arrested when the crack extends into 
a stress field, where there is no significant component 
of tension normal to the fracture path.'* 

This delayed cold cracking tendency would suggest 
a time-dependent process, such as that occurring in 
strain ageing, and typical, in this instance, of hydrogen 
embrittlement. Yet it is difficult to explain the precise 
mechanism, since for alpha materials high strain rates 
are necessary to reveal embrittlement. This material 
however contained about 0-2°, Fe, which would tend 
to stabilize the beta titanium phase. No hydride phase 
was Observed. Reference to the composition of the 
A110-AT sheet (Table I) shows that the only other 
significant difference between this and the ICI-317 
material is the much higher hydrogen content. An- 
alyses of the sheet exhibiting cracking showed that the 
hydrogen content was 350 p.p.m., whilst AI110—-AT 
sheet containing less than 200 p.p.m. hydrogen did not 
show cracking tendencies. Deliberate contamination 
of the weld pool (O,=0-24",, N,=0-34",) produced 
severe weld cracking, but was not sufficient to initiate 
cracking in the heat-affected zone at parent sheet 
levels of less than 200 p.p.m. hydrogen. 





8—Hydrogen embrittlement of titanium: (a) After 1 week; (5) After 6 weeks 
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9—Macrostructure of weld metal, heat-affected zones, and 
unaffected parent sheet 75 





10——Massive carbide in parent material 


The weld cracking encountered in the Al10—-AT 
alloy is unlikely to occur in sheet now being produced, 
since the hydrogen content is kept within the permis- 
sible limits. 


Metallography 


There are few features about the metallography of 


welds in unalloyed titanium and the 5°,Al-2$°%Sn 
alloy, as seen by the use of optical techniques, that lead 
to a better understanding of the relationship between 
properties and microstructure. Furthermore, the 
variations in composition of the materials commerci- 
ally available, particularly in regard to the interstitial 
elements, tend to mask significant changes in proper- 
ties due to microstructure alone. 

The preparation procedure adopted for micro- 
scopic examination consisted in first obtaining a 
semi-polished surface by means of wet grinding on a 
series of silicon carbide papers of decreasing grit size 
down to 600 grade. This was followed by final polish- 
ing on a selvyt cloth-covered rotating lap impregnated 
with gamma alumina moistened with an aqueous 
solution of $-1°% HF. 

The overall variation in grain size of the weld, heat- 
affected zones, and parent material of the Ti-Al-Sn 
alloy is shown in Fig. 9, and is also typical of welds 
made in unalloyed titanium. The large weld grain size 
is a typical feature, and although this structure does 
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not appear to have any significant effect on the tensile 
properties, it is possible that grain refinement might 
lead to improved bend ductility as a result of an in- 
crease in plastic strain at the extrapolated zero gauge 
length. 

The only other phase observable in the micro- 
structure of the parent sheet is that of the carbide, 
which occurs in the massive form mainly within the 
grains as shown in Fig. 10. During welding the increase 
in temperature causes the carbide to go into solution, 
and as it is retained on cooling it is not observed in 
the weld or heat-affected zone. 


CONCLUSIONS 

Welds in commercially pure metal (ICI-130) exhibi- 
ted high joint efficiency and ductility with fracture 
occurring in the annealed zone of the parent metal. 
The least ductile region was located in the heat- 
affected zone adjacent to the weld metal. The proper- 
ties of welds in both grades of the alpha alloy Ti 
5°Al-24°,Sn were based on those of the weld metal 
or the immediate heat-affected zone. High joint 
efficiencies were again obtained irrespective of location 
of fracture, while the overall ductility was controlled 
by that of the least ductile region. 

Porosity, encountered in many of the test welds 
made, was due to entrapment of argon between the 
sheet edges ahead of the weld pool. The incidence 
depends largely on the degree of smoothness of 
abutting edges, the weld pool size, and the cooling rate. 

Delayed cold cracking troubles were experienced in 
welds made from one batch of sheet in the A110-AT 
(Ti-5°,Al-2}°,Sn) alloy and were thought to be 
associated with the high hydrogen content (350 p.p.m.) 
of the material, for this is considerably above the 
permissible limit of 150 p.p.m. in alpha alloys. 
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A. Clifford Hartley, C.B.E., B.Sc.(Eng.), M.1-C.E., M.I.Mech.E. 
Gilbert Roberts, B.Sc., M.1.C.E. 
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Adam, in 1948. The Grant itself was illustrated in the Transactions of the Institute for 
October 1948. It is a very handsome document in colour, bearing the seals of the three 
Heralds—Garter, Clarenceux, and Norroy and Ulster. Sir Charles Lillicrap’s gift will 
enable members visiting the Institute to see it. Hitherto it has been kept in the safe. 
Welding in Low Temperatures 

Mr. David Pratt, the Engineer with the Trans-Antarctic Expedition, who was responsible 
for the repairs to the transport vehicles, will give a lecture, illustrated by slides, at the 
Institute on Wednesday, 24th September, at 6.30 p.m. 

Admission will be by ticket only, and members of the Institute are invited to apply to 

the Secretary for them. 

The Programme Committee regrets that because of the anticipated demand and the 

limited accommodation, it will not be possible to issue more than one ticket to any member, 
but requests for additional tickets will be placed on a waiting list. 


APPEAL TO INDUSTRY 


First List of Subscriptions The President and Council return the 








The following is the first list of subscrip- 
tions received in response to an appeal, 
made by Sir Charles Lillicrap, K.C.B., 
M.B.E. (President) and Mr. John Strong 
(Vice-President) on behalf of the Institute, 
and addressed to the Industrial Corporate 
Members. The appeal is for subscriptions 
over a period of seven years as well as 
donations to a fund for the building. 


warmest thanks to the contributors for 
their generous support. 


Donations £4,330 10. 0. 


To donations marked with an asterisk 
should be added the sums listed under 
the Commonwealth Welding Conference 
Guarantee Fund, and Annual Subscrip- 
tions. 
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£75 Hancock & Co. Ltd. 
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*Bruce Peebles & Co. Ltd.; 
Ruston Bucyrus Ltd.; *Steel 
Company‘ of Wales Ltd. 
(additional to an annual 
subscription) 

£26.5. each Cementation Co. Ltd.;*A. F. 
Craig & Co. Ltd. 

John Brown & Co. (Clyde- 
bank) Ltd.; *Empyrium 
Welding and Manufacturing 
Co. Ltd.; *S. W. Farmer 
Ltd.; *J. & E. Hall Ltd.; 
North Thames Gas Board. 


£50 each 


£25 and 
under 


Commonwealth Welding Conference Guar- 
antee Fund £642. 5. 5. 


The following have given the sums named 
below, which were returnable to them as 
Guarantors of the Conference. Those 
marked * are additional to donations or 
annual subscriptions listed above or below. 

£99.9. each *British Constructional Steel- 

work Association; *Tank 
and Industrial Plant Asso- 


ciation 

£49.15.6.  *British Oxygen Gases Ltd. 

£39.16.4. British Welding Research 
Association; *Shipbuilding 
Conference 
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9—Macrostructure of weld metal, heat-affected zores, and 
unaffected parent sheet 75 


Ltiae Xue 
a S. ‘5g ? 


10 —Massive carbide in parent material 


The weld cracking encountered in the Al110-AT 
alloy is unlikely to occur in sheet now being produced, 
since the hydrogen content is kept within the permis- 
sible limits. 


Metallography 


There are few features about the metallography of 


welds in unalloyed titanium and the 5°,Al-24)°Sn 
alloy, as seen by the use of optical techniques, that lead 
to a better understanding of the relationship between 
properties and microstructure. Furthermore, the 
variations in composition of the materials commerci- 
ally available, particularly in regard to the interstitial 
elements, tend to mask significant changes in proper- 
ties due to microstructure alone. 

The preparation procedure adopted for micro- 
scopic examination consisted in first obtaining a 
semi-polished surface by means of wet grinding on a 
series of silicon carbide papers of decreasing grit size 
down to 600 grade. This was followed by final polish- 
ing on a selvyt cloth-covered rotating lap impregnated 
with gamma alumina moistened with an aqueous 
solution of }—-1°, HF. 

The overall variation in grain size of the weld, heat- 
affected zones, and parent material of the Ti-Al-Sn 
alloy is shown in Fig. 9, and is also typical of welds 
made in unalloyed titanium. The large weld grain size 
is a typical feature, and although this structure does 
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not appear to have any significant effect on the tensile 
properties, it is possible that grain refinement might 
lead to improved bend ductility as a result of an in- 
crease in plastic strain at the extrapolated zero gauge 
length. 

The only other phase observable in the micro- 
structure of the parent sheet is that of the carbide, 
which occurs in the massive form mainly within the 
grains as shown in Fig. 10. During welding the increase 
in temperature causes the carbide to go into solution, 
and as it is retained on cooling it is not observed in 
the weld or heat-affected zone. 


CONCLUSIONS 

Welds in commercially pure metal (1CI-130) exhibi- 
ted high joint efficiency and ductility with fracture 
occurring in the annealed zone of the parent metal. 
The least ductile region was located in the heat- 
affected zone adjacent to the weld metal. The proper- 
ties of welds in both grades of the alpha alloy Ti 
5°, Al-24°,Sn were based on those of the weld metal 
or the immediate heat-affected zone. High joint 
efficiencies were again obtained irrespective of location 
of fracture, while the overall ductility was controlled 
by that of the least ductile region. 

Porosity, encountered in many of the test welds 
made, was due to entrapment of argon between the 
sheet edges ahead of the weld pool. The incidence 
depends largely on the degree of smoothness of 
abutting edges, the weld pool size, and the cooling rate. 

Delayed cold cracking troubles were experienced in 
welds made from one batch of sheet in the A11O-AT 
(Ti-5°,Al-2$°.Sn) alloy and were thought to be 
associated with the high hydrogen content (350 p.p.m.) 
of the material, for this is considerably above the 
permissible limit of 150 p.p.m. in alpha alloys. 
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NEWS OF MEMBERS 


W. E. Ballard, a Director of Metalliza- 
tion Ltd., has been made President of the 
Institution of Metallurgists. 


E. Seymour-Semper, Director of Hancock 
& Co. (Engineers) Ltd., and a Member of 
Council of the Institute, has been elected 
President of the British Acetylene Asso- 
ciation. 





The Council regret to record the death of 
Mr. Charles Onions, founder of Onions & 
Sons (Levellers) Ltd. of Bilston, Staffs. 


Cecil Hadley, former Chairman of the 
Wolverhampton Branch, and well known 
to most Midland members, celebrated his 
Golden Wedding Anniversary on 21st June. 


CONTRIBUTORS TO THE 
JOURNAL 


J. R. Arrowsmith, B.Sc.(Eng.), Senior 
Engineer in the Industrial Applications 
Division of E.M.1. Electronics Ltd., was 
born in 1927. He was educated at Purley 
Grammar School and at the Battersea 
Polytechnic, London University, from 
which he graduated in 1947. 

Mr. Arrowsmith then spent two years as 
a College Apprentice at Metropolitan- 
Vickers Electrical Co. Ltd., and later be- 
came a Junior Engineer in the Electronic 
Control Department of the Company, 
where he was engaged in the design of 
automatic control for gun mountings. 

He joined his present Company in 1953. 


J. C. Borland, L.I.M. Head of the Re- 
active Metals Group, British Welding Re- 
search Association. Mr. Borland was born 
at Sittingbourne, Kent, in 1930. He was 
educated at Plympton Grammar School, 
South Devon, and at the Battersea College 
of Technology. At the end of 1950 he joined 
the metallurgical team at the Armament 
Research Establishment at Woolwich, and 
worked on the development of the first 
British atomic bomb. He was transferred 
to the Atomic Weapons Research Estab- 
lishment at Aldermaston in 1952. 

Mr. Borland joined the staff of the 
BWRA in April 1954, and was concerned 
with the metallography of non-ferrous 
materials until November of the same year, 
when he undertook research on the welding 
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present post in March 1958, and has since 
been concerned primarily with the welding 
of the reactive metals and stainless steels. 

He joined the Institution of Metallurgists 
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oxygen cutting machines. 
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Programme Sec. H. J. Tyte 
Committee 

C. C. BaTEs F. E. DARLING 

R. A. BLOCKSIDGE G. HARPER 

C. A. BURTON W. Harper-HILL 
B. C. LitTLe 
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North London (Slough Section) 


Chairman 
Hon. Secretary 


F. E. DARLING 
J. F. GALLAGHER 


Hon. Treasurer F. J. WARNER 
Committee 
C. H. BRADDLE F. H. GREEN 


C. A. BURTON 


Preston and District 


President 
Chairman 
Hon. Secretary 


Hon. Treasurer 


C. R. THATCHER 
(ex officio) 


W. Hart 

F. J. BREEN 
R. ROBINSON 
P. BARON 


Committee 


C. L. Hopss 
E. JONES 

N. LEIGH 

F. PILLING 
H. ROBINSON 


Sheffield and District 


President 
Chairman 
Vice-Chairman 
Hon. Secretary 


Hon. Treasurer 


G. SANDERS 
J. WATKINSON 
F. WESTALL 
(ex officio) 
G. WHITESIDE 


A. RoBerRT JENKINS 
W. ALAN JENKINS 
S. B. Rippon 

J. S. WARING 

J. G. NOBLE 


Committee 


W. A. ACASTER 


W. Bower 
A. BREwITI 


W. J. COLTON 
A. GIRLING 
H. A. McNass 


R. Nose 


Southampton and District 


Chairman 
Vice-Chairman 
Hon. Secretary 


Hon. Treasurer 


E. R. THOMAS 
G. B. Powe. 

J. H. GILiespr 
G. GILES 


Committee 


G. W. BLANCHARD 


R. BYLes 


J. R. C. GouGu 


R. H. HAYTER 
C. E. T. MULLINS 
H. G. STREET 


H. A. WATTON 


South London 
President 


Chairman 

Vice-Chairman 
Hon. Secretary 
Hon. Treasurer 


Programme Sec. 


Sir CHARLES 
LILLICRAP 

P. J. E. HEATH 

A.G. MANKTELOW 

M. C. NicKSON 

V. W. CLACK 

J. P. Moore 


Committee 


G. M. Boyp 
S. F. Bussy 
N. T. BURGESS 
J. HINDE 


R. G. HARRISON 
J. F. LANCASTER 
(ex-officio) 

D. SLATER 


E. B. G. TREHEARNE 


South London (Medway Section) 


Chairman 
Hon. Secretary 
Hon. Treasurer 


A. C. BURNETT 
P. MURRELL 
A. O. BARWELL 


Committee 


R. L. GAUGHAN 


F.W. MARTIN 


South Western 
Chairman 
Vice-Chairman 
Hon. Secretary 


A. WEEKS 
V.E. WINCHESTER 


F. J. WILKINSON 
T. M. B. Sessions 
G. R. THOMAS 


Hon. Treasurer B. W. REED 
Committee 

C.L.M.Corrrettl K M.McDoweLy 

E. R. Fettows A. V. PLAYER 

J. E. Hooper R. WALTON 
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South Wales 
Chairman S. WALKER 
Vice-Chairman A. W. STONES 


Hon. Secretary R. E. PHILLIPS 


Asst. Secretary G. H. TAYLOR 
Hon. Treasurer S. F. WooLway 
Publicity Sec. L. MORSE 
Committee (East Wales) 
G. BERRIDGE B. B. GAYDON 
E. C. CoomBes (ex officio) 
I. B. Forp R. H. HUGHES 
C. V. Lewis 
Committee (West Wales) 
J. A. Cork L. Morse 
H. T. JACKLIN B. O'NEILL 
A. LOVERING D. B. WILSON 
West of Scotland 
Chairman D. B. KIMBER 


Vice-Chairman 
Hon. Secretary and 
Treasurer 


H. C. Corron 


H.H. MACKINTOSH 
Committee 
G. A. BURNHAM J. E. Roperts 


J. E. Jones F. STAFFORD 

D. M. KERR R. WALKER 

J. E. McInnes (ex officio) 
Wolverhampton 

President J.H. N. THOMPSON 


Chairman 
Vice-Chairman 
Hon. Secretary 
Hon. Treasurer 
Publicity Sec. 


M. R. LippiaTt 
S. K. STOKES 
J. W. GETHIN 
E. J. MITCHELL 
B. K. BARBER 


Committee 


R. W. ALLAN S. H. Grirrirus 
(ex officio) R. V. MAYLOTT 

J. ASKIN E. SMITH 

T. H. Aston C. TAYLOR 


H. E. WHEELER 


Branch Activities 


Liverpool and District Wolverhampton 

The Ninth Annual Combined Meeting of 
the two Branches was held at Llangollen, 
North Wales, on Saturday, 31st June. 

This gathering of members, wives, and 
families has become a truly family affair, 
and although there are always new faces and 
new acquaintances to be made old estab- 
lished friendships are enthusiastically re- 
newed. The few “hardy annuals” who 
manage to be present on each occasion are 
finding a special pleasure in watching the 
joyful exchanges of the younger members, 
who help to make the annual cricket match 
a most lively affair and who add to the 
exchanges and competition of the general 
fun and games. Members of both Branches 
who have not yet sampled this event do not 
realize what they miss. 

This year Liverpool was the host, and the 
party was led by Chairman R. Davis and 
Social Secretary Johnny Day. The latter 
organized the prizegiving for the various 
“champions” made that afternoon. 

Mr. M. R. Liddiatt, Chairman of the 
“Wolves” was in charge of a strong party, 
and it was very gratifying to see good 
friends like Past Chairmen Rex Thomas, 
Allen, and Hadley turning up again with 
anne Committee representation on both 
sides. 

The result of the anagram published in 
No. 42 of the Liverpool Branch Circular 
was, appropriately, “Berney Trophy”, and 
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as the prize was won by Mrs. Day it was 
indeed a pleasure to have the “Wolves” 
taking the Trophy back to the Midlands 
They have now won it twice and Liverpool 
thrice. 

Liverpool batted first and knocked up a 
spirited 54 in the time allowed. The “Wolves” 
replied with a dashing 60 in an equal 
period, and so regained the coveted Trophy. 
Fortunately, the weather remained dry but 
dull during the match, and kindly remained 
so until the precise time for tea! H.R.C. 


East Midlands 

Members and their ladies visited the 
factory of Boots Pure Drug Co. Ltd. at 
Beeston, Nottingham, on Monday, 9th 
June, at the invitation of the Branch Presi- 
dent, Mr. H. L. Palmer, who is Chief 
Engineer to the Company. 

A separate tour was arranged for the 
ladies, with the accent on the perfumery 
departments, whilst the members turned 
their attention to the more technical aspects 
of the firm's activities. 

After a most interesting tour the guests 
were entertained to tea and were each pre- 
sented with a useful souvenir of the visit 

K.H.E 


Wolverhampton 

The Branch staged its 13th Annual 
Dinner and Ladies’ Night in the Wulfrun 
Hall on 16th May, with a company ol 
guests and members numbering 260 

Among the guests were the Mayor of 
Wolverhampton (Alderman Mrs. R. | 
Ilsley) and her consort, the Vice-President 
of the Institute, Mr. J. Strong, and repre- 
sentatives of the Birmingham and Liverpool 
Branches. Mr. R. W. Allen, the Branch 
Chairman, presided 

The toast to the Institute was proposed 
by the Mayor, and the reply was made by 
Mr. Strong. Professor E. C. Rollason pro- 
posed the toast of the Branch and spoke of 
the greater degree of skill and scientific 
knowledge that would be demanded from 
the welding engineer in the future, in con- 
nection with the use of welding in the 
nuclear energy programme 

A reply to this toast was given by the 
Chairman, who also proposed “The 
Ladies”. 


BRITISH WELDING RESEARCH 
ASSOCIATION 


Non-De. cuctive Testing 

The Technique Memorandum Non- 
destrii methods for the examination of 
welds (Ref. T.29), first published in March 
1952, has now been replaced by the follow- 


ing three booklets, which constitute the 
Association’s handbook on non-destructive 
testing 


Photographic aspects of weld radiography. 
Ref. T.29 2. June 1956 (Price 3s. 6d.) 


X- and gamma-ray safety precautions. 
Ref. T.29,3. March 1957. (Price 2s.) 

Memorandum on non-destructive methods 
for the examination of welds. Ref. 
T.29/1. (Price 7s. 6d.) 


This last booklet is now available and its 
contents include: radiographic methods; 
ultrasonic and other acoustical methods; 
magnetic methods; penetrant methods; gas 
leak detection method; proof test or over- 
joad test, and semi-destructive methods. 





There is a glossary of terms used in radio- 
graphy, an appendix showing the defects in 
welds revealed by various examination 
methods, and an appendix showing the 
suitability of methods for application to 
various welded joints 


NEWS FROM INDUSTRY 


Courses on Tubular Structures 

Tubewrights Ltd. have recently in- 
augurated a course on tubular structures at 
the Works Training Centre, Newport, 
Monmouthshire. The first was held from 
19th to 2Ist May and others will follow on 
22nd—24th September, 27th-29th October, 
and 17th-19th November. 

The course covers the design of structures 
incorporating tubes, relevant British Stan- 
dards, steels used for tubes, preparation of 
tube ends, assembly and welding and in- 
spection; it also includes visits to the tube 
mills and the showing of films. 

Those interested requiring more details 
should write to Tubewrights Ltd. at Egging- 
ton House, 25 Buckingham Gate, London 
S.W.1 


Conference on Metal Spraying 

In view of the great success of the first Inter- 
national Conference in Halle, Eastern Ger- 
many in 1956, it has been decided to hold a 
second one in Great Britain on 29th Sept. 
ird Oct. 1958, the arrangements being 
undertaken by the Association of Metal 
Sprayers. Lectures and discussions will take 
place at the new College of Technology, 
Gosta Green, Birmingham, and the pro- 
gramme includes practical demonstrations 
and works visits. 

A large number of papers have been sub- 
mitted by experts from all over the world, 
including the following subjects: 


Practical developments and applications 
in various countries and climates 
Industrial hazards 

Building up and hard surfacing 

Diffused coatings 

Use of high melting point metals, e.z., 
tungsten and molybdenum 

Mechanical and chemical properties of 
deposits 

Linings for anti-friction bearings 

Electric arc spraying 

Deposition of plastics and refractories by 
fusion spraying 


The proceedings will be translated simul- 
taneously in French, German, and English, 
and transmitted by internal radio telephone. 

Programmes and forms of application for 
registration can be obtained from The Asso- 
ciation of Metal Sprayers, Barclays Bank 
Chambers, Dudley, Worcs. 


Canadian Welding Bureau 

A review of the first ten years of operation 
has been issued by the Bureau. The bro- 
chure describes the influence of the Bureau's 
work on the rapid development of welding 
in Canada, especially in the structural field. 
The preparation of codes of practice, the 
training and education of welders and 
technologists, and the testing and certifi- 
cation of welders forms a large and im- 
portant part of the activities of the Bureau. 


Shipyard Centenary 

Richard Dunston Ltd., whose Thorne 
Yard is on the banks of the Sheffield and 
South Yorkshire Canal, this year celebrate 
100 years of shipbuilding. 
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The Company was one of the pioneers in 
Britain of all-welded craft construction by 
prefabrication, for in 1942 they set aside 
part of the yard, and the Hessle Yard of 
the acquired company Henry Scarr Ltd., 
for this purpose. Of the 800 vessels com- 
pleted by the two yards since the war 
three-quarters have been all-welded. 


Health and Safety 


Since 1947 the Slough Industrial Health 
Service has provided an occupational 
health service for the factories on the 
Slough Trading Estate. An Occupational 
Hygiene Service was established in 1950 for 
the benefit of member firms. Its object was 
to carry out scientific investigations by 
specially trained doctors, engineers, and 
chemists of the health problems that occur 
in industry, and to advise on methods for 
the elimination or control of undesirable 
hazards. 

The facilities of this Service have now 
been extended to other firms. Enquiries 
should be addressed to the Secretary, 
Occupational Hygiene Service, Farnham 
Road, Slough, Bucks. 


Eye Protection 

To assist welding firms to choose the 
correct types of protective filter glass for 
their operatives Chance Brothers Ltd. have 
issued samples of a range of their Protex 
glasses. These are contained in cards and 
wallets, and allow a decision to be made by 
actual test of the most suitable glass for a 
given application. There are seven glasses 
for electric welding and eight for gas weld- 
ing with and without flux. The cards and 
wallets are available free on application to 
suppliers of welding equipment. 


Low-voltage Safety Devices 

Under normal working conditions the 
relatively high open-circuit voltage of 
welding plants is not a serious hazard, but 
in damp conditions and cramped or high 
Situations contact with a ‘live’ electrode 
holder can be extremely dangerous. 




















To limit the risk of shock in such circum- 
stances Quasi-Arc Ltd. have recently intro- 
duced a range of low-voltage devices for 
use with a.c. welding plant 

There are three versions of the device: 
Type SD 350 and Type SD 450 for use with 
single-operator sets operating at 80-100 \ 
o.c. and at 350 and 450 amp respectively; 
and Type SD 450 M for use with multi- 
operator sets. Each effectively reduces the 
voltage to 30 when the arc is not function- 
ing, and the response on re-striking is 
claimed to be such that an experienced 
welder cannot detect the presence of the 
additional feature. A preset time delay ts 
incorporated so that normal fluctuations of 
the arc do not cause the device to function. 
The units are supplied complete with cables 
for direct attachment to the welding set. 


Hand Welding Tongs 

For use with small spot welding machines, 
Hirst Electronic Ltd. have produced hand 
welding tongs specially designed to deal 
with difficultly placed welds. 

They are made in two sizes: Type WTA 
for 4 in. combined thickness of wire; and 
Type WTB with a capacity of j in. Both 
types have coaxial power leads and contain 
a built-in mechanical switch, adjustable 
electrode pressure, and low-voltage initi- 
ation. 


Weld Cleaning 


An all-metal slag and spatter cleaning 
hammer with a hardened and tempered 


carbon steel head is now marketed by 
Rockweld Ltd. The handle is formed from 
a mild steel tube, and is welded to the head. 


Electrode Holders 


Eutalloy and Welding Processes Ltd., have 
announced the production of two new 
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Single 
operator 

240 amp 
welding plant 


electrode holders —- the “Stubby” and the 
“Master”, with current ranges up to 330 
and 500 amp respectively. The replaceable 
heads (the only wearing parts) grip the elec- 
trodes with a quarter turn at a load of 
1000 Ib. The holders are fully insulated and 
cable connections can be made by soldering 
or by simple mechanical screwing. 


Lead Welding 


One of the earliest applications of the 
oxy-acetylene welding process was for the 
joining of lead sheets. A new film, made by 
British Oxygen Gases Ltd. illustrates the 
basic welding techniques and applications of 
the method 

The film is designed as a guide to students 
and it demonstrates welding by down-hand 
butt and lap, inclined lap, and vertical and 
horizontal-vertical fillet techniques 

Copies of the film “The Welding of Lead: 
Sheet” can be obtained on free loan from 
the Company’s Sales Technical Service 
Dept., North Circular Road, London, 
N.W.2. 


Site Welding Plant 

A single-operator, self-contained, and 
totally enclosed welding plant, incorporat- 
ing a Lister aircooled engine has recently 


Bench 
mounted 
positioners 


to 
oe 
wv 





been marketed by Welding Industries Ltd., 
Bristol. 

The Lancashire Dynamo and Crypto d.c. 
generator provides a maximum continuous 
current of 240 amp, with a 300 amp upper 
limit for intermittent operation, the output 
having a special drooping characteristic. 


Electric Resistance Rivet Heating 

The electric resistance method of heating 
for rivets has the advantage of simplicity, 
concentration and conservation of heat, 
absence of fumes and ash, and the machines 
require almost ao maintenance 

With a background of more than 30 
years of experience Metropolitan-Vickers 
Electrical Co. Ltd. have now produced a 
new range of heaters that can be used as 
multi-head machines. Separate transformers 
are used so that each may be set on a different 
tapping if more than one size of rivet Is 
required at the same time, and so as to 
prevent the loading of one head affecting 
the heating speeds of the others 


Pedal-operated Butt Welder 


In the new P.B.3 butt welder, made by 
Meritus (Barnet) Ltd., the complete welding 
cycle, including clamping the workpieces, 
is carried out by one stroke of the foot 
pedal. Welding current time is controlled by 
an electrically energized contactor in con- 
junction with a micro-action limit switch, 
which can be adjusted to give the desired 
amount of collapse at the welding faces. 
Welding pressure is also adjustable and the 
clamps can be varied to suit wire or rod 
from 14 s.w.g. to } in. dia. For intermittent 
welding the maximum capacity is in. dia. 
steel rod or } in. dia. brass rod. The nominal 
output is 3 KVA. There is a separate push- 
button switch for post-weld annealing 
should this be required. 


Bench Positioners 

There are many uses for bench mounted 
positioners, especially when they are power 
driven. Courtburn Positioners Ltd. are now 
producing two new models with capacities 
of | ewt (VH1) and 24 cwt (VH2) each with 
full rotation and tilting through 360°, and 
with infinitely variable table rotation speeds 
from } to 2} r.p.m. 

The smaller model has an 18 in. dia. table 
to carry | cwt at 6 in. eccentricity and 6 in. 
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centre of gravity. The corresponding figures 
for the larger model are 24 in. table and a 
load of 24 cwt at the same eccentricities. 
Robust frames for both positioners are 
available if they need to be floor-mounted 


Molybdenum and Cr-Mo Electrodes 


A revised edition of British Standard 2493 
(B.S. 2493:1958) includes three additional 
types of electrode in the low-alloy range and 
recognition of U.S.A. welding practice with 
these electrodes. 

The first part of the Standard deals with 
coding, packaging and storage, and with 
production and control tests 

The second part specifies test methods 
for chemical composition and mechanical 
properties. 


Electrodes for Ni-Cr-Mo steels and Vin steels 


A new type fully extruded electrode has 
been produced by Quasi-Arc Ltd. to replace 
the original Armoid No. 1, which was 
developed during the war for the welding of 
armour plate. The new electrode is designed 
for downhand welding, and has a better 
performance and higher current-carrying 
capacity than the former type. It has tenta- 
tive approval (Class FC 1050/1A) of the 
Ministry of Supply (FVRDD) 

The company has also issued a fully 
extruded version of the Mangcross electrode 
for the building-up and repair of carbon 
and manganese steel components. The 
deposited weld metal (250 D.P.N.) work- 
hardens with retention of toughness to 
about 500 D.P.N 


Plastic Design Theory 
Although the work of the Cambridge 
group of investigators, under the direction 
of Professor J. F. Baker, is only slowly 
being applied in the structural industry, 
some 400 single-storey buildings, designed 
on the Plastic Theory, have been erected in 
Britair 
Many of these are the standard range of 
ldings made and supplied by Sanders & 
rster Ltd, who have found that there is a 
siderable saving of steel 
the use of this design 
ethod. By the use of modern 
production methods it is 
»ossiDie to Compete n price 
with overseas Competitors in 
ilmost any mark in the 
world. An- example of a 
simple single-storey structure 
of this kind is strated. 
The Company are now 
studying the application of 
the method to other types of 
building frame, and expect 
to compete with reinforced 
concrete construction, even 
after fireproof casing has 
been added. 


STUB ENDS 


> No. | of a new ‘house journal’ “100 Al”, 
a bulletin published by Lloyd's Register of 
Shipping, has just been issued for limited 
circulation. It contains an article on Oxygen 
in Steelmaking and one on the Trend to 
Supertankers, as well as a number of 
general papers on Lloyd's activities. 


> An insulating and waterproofing mater- 
ial, MS 4 Silicone Compound, is now 
available from Holiday & Hemmerdinger 
Ltd. It is suitable for most electrical and 
water insulating applications. 

> The Summer issue of ‘Sif-Tips’ (No. 102) 
includes a timely reminder of the safety 
precautions needed in gas welding. 

P Aero Research Ltd., manufacturers of 
metal and wood adhesives, announce that 
the name of the Company is to be changed 
to CIBA (A.R.L.) Ltd. 

> The Central Electricity Generating Board 
are to make application to the Ministry of 
Power and the Local Planning Authority 
for consent to develop a site at Dungeness 
for their fifth nuclear power station. 

>» A new Code of Practice for resistance 
spot welding for mild steel light assemblies 
has been issued by the Indian Standards 
Association. 

> The new extensions to the Metallurgy 
Department at King’s College, Newcastle, 
will provide greater facilities for teaching 
and research, including investigation of 
many of the problems arising from the 
industries of the area. Some of the work is 
already being undertaken on behalf of 
BISRA and BWRA. 

> The American Welding Society has issued 
a 2nd edition of its publication ““Recom- 
mended Safe Practices for Inert-Gas Metal- 
Arc Welding”. 

> A new 6 in. pipeline 20 miles long is now 
being installed between the British Petrol- 
eum refinery at Aden and the power station 
at Hedjuff. It will carry fuel gas at a pressure 
of 80 Ib sq.in. 

> F. J. Edwards Ltd. have developed a 
band-sawing machine for the cutting of 
plastics, which includes a built-in attach- 
ment for the butt welding of broken saw 
blades 

> Of interest to users of pressure controlled 
clamping devices and the like is a new 
pressure switch, Type DPS Mark II, made 
by Black Automatic Controls Ltd. The unit 
can withstand static pressures of 1000 
ib sq.in. and operates on differential pres- 
sures in the same range. 





>A new Sifbronze equipment booklet 
describes all the main items of the Com- 
pany’s welding equipment, including a 
recent addition—the “Demon” cutter. 

> “Better Welding Automatically” is the 
title of a new leaflet issued by the Lincoln 
Electric Co. Ltd. It describes very briefly 
the essential details of the B.10 and B.11 
types of submerged-arc units. 





>The Annual Report of the Chemical 
Research Laboratory, Teddington, ““Chem- 
istry Research 1957” has recently been pub- 
lished for DSIR by H.M.S.O. (Price 5s.) 
> Two A.E.I. Divisions became operative 
on Ist July: the Turbine-Generator Divi- 
sion, managed by Metropolitan-Vickers 
Electrical Co. Ltd.; and the Heavy Plant 
Division, managed by the British Thomson- 
Houston Co. Ltd. 


CORRECTION 


The following correction should be 
made to the paper “Hydrogen in Mild-steel 
Weld Deposits” by Christensen, Gjermund- 
sen, and Rose (June 1958 issue of the 
Journal) 

Page 280—Fig. 10 
read “0-19°.C” 


Alter caption to 





CLASSIFIED 
ADVERTISEMENTS 
Situations Vacant 
WELDING RESEARCH 


Qualified metallurgists are invited to apply 
for a post as Senior Investigator in the ex- 
panding Welding Section of the Birmingham 
Laboratory of The Mond Nickel Company 
Limited 

The work to be undertaken concerns the 
welding of ferrous and nickel-base materials 
It involves primarily long-term research 
investigations with emphasis placed on the 
development of improved and new materials. 
Publication of results will be encouraged, 
The section enjoys the support of other de- 
partments in a_ well-equipped research 
laboratory 

Preference will be given to candidates who 
have had previous research experience, which 
need not necessarily have been in the field 
of metal joining 

Salary will be in accordance with experi- 
ence and qualifications. Pension and assur- 
ance schemes are in operation and, in 
appropriate cases, assistance can be given for 
housing. Applications, which will be treated 
in confidence, should give details of age, 
qualifications and experience and be ad- 
dressed to The Manager, Development and 
Research Department, The Mond Nickel 
Company Limited, Thames House, Millbank, 
London, S.W.1 Please mark envelope 
“Confidential L.58° 


Engineers in the Trafford Park area require 
a Welding Engineer who must have practical 
experience in Gas and Electrical welding up 
to Grade A standard and must be also 
familiar with argon and submerged-arc pro- 
cesses. Some metallurgical knowledge is 
desirable but not essential. This is a super- 
annuable staff position with excellent pros- 
pects. Applicants must give full particulars 
and mark applications “For the attention of 
the Personnel Manager”, Box No. 219 


ASSISTANT TECHNICAL OFFICER 


Applications are invited from young men 
with the right qualifications for the post of 
Assistant Technical Officer of the Institute 
This vacancy presents an opportunity of 
undertaking interesting work of great value 
to both the Institute and the Engineering 
Industry, and will involve assisting the Tech- 
nical Officer in the development of the School 
of Welding Technology and of the extensive 
Technical Committee organization; prepara- 
tion of publications and reports; answering 
technical enquiries, etc. It offers a unique 
opportunity for contact with leading person- 
alities in the field of welding. The post is 
permanent and carries a good salary. Candi- 
dates should have a recognized qualification 
in metallurgy or engineering, and industrial 
experience of welding processes is essential. 
There is a contributory superannuation 
scheme. Full details and application forms 
may be obtained from the Secretary, The 
Institute of Welding, 54 Princes Gate, Ken- 
sington, London, S.W.7. 
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WELDING LITERATURE 





Book Reviews 
Additions to the Institute Library 
Trade Publications 


CONTENTS OF PERIODICALS RECEIVED 


THIS SECTION is intended to give a survey of the current 
welding literature received by the Institute of Welding 
Library. The contents lists are not exhaustive; only the main 
articles in welding journals are listed, and reprints from other 
journals and short notes are generally excluded. In addition, 
welding articles from other periodicals are listed. Abstracts of 
welding literature are given in the Bibliographical Bulletin of 


Welding and 
Institute of Welding, and details of this may be obtained from 


(Ilied Processes, published by the International 


the Secretary of the Institute of Welding. 


Welding Journals 


Canadian Welder, 1958, vol. 49, April 
Positioning of weldments, Charles N. Aronson (12-14) 
Automated welding line (18-19) 
Welded structural girders (20-21) 


Industry and Welding (U.S.A.), 1958, vol. 31, May 
Automatic welding setup keeps frame and costs in line (38-39, 
59) 


Are welding cuts 6 weeks downtime to 36 hours, Charles 
Berka (42-43) 


X-ray pipe joints by remote control (46) 


Five new brazing alloys for high-temperature service, A. M. 
Setapen (51-52, 54-55) 


Surfacing makes lime mills last, R. N. Williams (57-58) 
Designed for arc welding, G. A. Marberg (60, 62-63) 


Production and engineering data (welded nozzles: recommended 
minimum length and spacing) (64-65) 


Welded truck bodies on assembly line, R. N. Williams (69-70) 


Journal of the Japan Welding Society, 1958, vol. 27, 
March 
On the construction of welded stainless steel pipes in U.S.A., 
H. Kobayashi (4-6) 


Przeglad Spawalnictwa (Poland), 1958, vol. 10, May 
International standardization in welding, Z. Dobrowolski 


The first welded bridge in Poland with built-up box section 
members, part I—Investigations, Z. K. Lesniak 


Alloy steel tubes welding procedure, part I, Z. Sepielak 





Schweissen und Schneiden (Germany), 1958, vol. 10, 
May 
The new specification for welded steel building constructions 
DIN 4100, G. Biirgermeister and A. Neumann (158-162) 


Practice for welding circular seams on tubes of big diameter, 
L. Hense and H. Scheruhn (162-166) 


Investigation into the weldability of flame treated surfaces, 
H. Schmidt (167-173) 


Approximating equilibrium conditions in the molten pools of 
metal and slag; example: Alumina-Silica fluxes, W. M. Conn 
(174-181) 


Soudages et techniques connexes (France), 1958, vol. 12 
March/April 
Welding metallurgy, on the basis of the papers presented at the 
Public Session of the ITW, 1 July, 1957, H. Granjon (85-100) 


The hot strength of brazed joints made with various filler 
materials, B. Blanchet (101-106) 


The problem of residual stresses and the risks of brittle failure 
in welded constructions, H. Gerbreaux (109-141) 


Welding and Metal Fabrication, 1958, vol. 26, June 


Fusion welding of titanium, C. A. Terry and E. A. Taylor 
(198-205) 


A new approach to development engineering precision and 
prototype work at Morfax, Ltd., T. J. Palmer (206-215, 221) 


An all-welded trawler, Robert Du Cane (216-221) 


Welding Engineer (U.S.A.), 1958, vol. 43, May 
Spray and fuse ... a popular hardfacing method, H. S. 
Gonser (34-36) 
Rocket plane depends on welding (37) 
Here's how — whenever plowshares must be hardfaced (38-40) 
Filler metals for joining, Orville T. Barnett (40-45) 
‘Liquid cooling’: Bernard’s answer to hot, clow welding (46-48) 
New automatic process for arc welding steel (49, 52) 
A eet field-guide for beginners, D. B. Rankin (54, 56, 
38) 


Towboat hulls all-welded (60) 
Hardfaced buckets star in underwater mine (68-69) 


The Welding Journal (U.S.A.), 1958, vol. 37, May 


Fusion welding of titanium in jet-engine applications, H. W. 
Hoefer (467-77) 
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Cracking associated with porosity in titanium welds over 
0-125 in. thick, R. P. Olsen and J. Gates (478-484) 


Spot welding of rail steel, D. Canonico and H. Schwartzbart 
(484-488) 


The welding of spaced metal sheets (489) 

Vacuum-furnace fabrication ... ten times faster (490) 

Two welding processes ride same track (491) 

Oscillating electrode build-up on worn finger, 
Robert Hall (492) 

A study of factors affecting the strength and ductility of weld 
metal, C. M. Wayman and R. D. Stout (193s—200s) 

Charpy brittle-fracture transitions by the lateral expansion- 
energy relationship, George M. Orner (201s—205s) 
The effects of porosity on mild-steel welds, W. L. 
M. F. Hamad and R. B. McCauley (206s—209s) 
Cooling rates and peak temperatures in fusion welding, C. M. 
Adams (210s—215s) 


Behaviour of welded corner connections; effects of size of 
member on connection behaviour is covered in second phase of 
Lehigh University program on corner connections, J. W. 
Fisher, G. C. Driscoll Jr., and F. W. Schutz J. (216s—32s) 
High-temperature vacuum brazing of jet-engine materials, 
E. G. Huschke Jr., and G. S. Hoppin ILI (233s—40s) 


gives fast 


Green, 


Zvaranie (Czechoslovakia), 1958, vol. 7, May 


Directions of welding technique development in USSR, J. 
Zeke (129-135) 

Strength of bonded light-metal joints in fatigue system, V. 
Gregor (135-141) 

Contribution to the investigation of brazing and soldering 
properties of fluxes, V. Ruza (141-147) 

Semi-automatic welding unit for argon-shielded welding, K. 
Rejchlik (148-150) 


Other Journals 


4 portable magnetizer for magnetic crack detection, J. W. 
Walley (The Me tropolitan-} cKers Gazetle, 1958, vol 29. 
April, pp. 118-121) 

Welding corrosion-resisting steels of the 18 8 Cr-Ni type and 
heat-resisting steels, F. A. Ball (Sheet Metal Industries, 1958, 
vol, 35, No. 374, June, pp. 439-452) 

Some metallurgical aspects of welding higher strength steels, 
D. Birchon (Machinery Lloyd, 1958, vol. 30, No. lla, 31 May, 
pp 38-41) 


The construction of spherical pressurised tanks, C. J. Verzijl- 
bergh ( Acier—Stahil-—Steel, 1958, vol. 23, No. 5, May, pp. 221 
223) 
Developments in welding of modern steam generators, S. Roy 
nd S. N. Pushilal (Journal of the Institution of Engineers 
1958, vol. 38, No. 6, part 2, February, pp. 577-581) 
Adhesive bonding of titanium alloy ( Mechanical Engineering, 
1958, vol. 138, No. 3467, June, pp. 277-8) 
Plastic analysis and design of square rigid frame knees, J. W. 
Fisher, G. C. Driscoll, and L. S. Beedle (Welding Research 
Council Bulletin Series, No. 39, April 1958) 
Ultrasonic cleaning of steel strip. A description of its use in 
German rolling mills (Sheet Metal Industries, 1958, vol. 35, 
No. 374, June, pp. 460-461) 


(India), 


ADDITIONS TO THE LIBRARY 
BOOKS AND PAMPHLETS 


AMERICAN WELDING 
American Standard 
$2.00) 

The A.W.S. bibliographies 
(Price $5.00) 

Asis. The work of Aslib for the vear ended 1957. London, 1958. 

British IRON & Sreet Researcu Association. Annual Report 
1957. London, 1958 

British STANDARDS INSTITUTION. Mechanical ventilation and air 
conditioning in buildings. Code of Practice CP 352 (1958). 
London, 1958 (Price 20s.) 


Safety 
1958 


SOCIETY 
Z 49.1 


in welding and cutting. 
New York, 1958 (Price 


AWS A7.C-58. New York, 1958 
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INDUSTRIAL HEALTH Service. Tenth annual report 1956-57, and 
a review of the first ten vears. The Slough Industrial Health 
Service Ltd. Slough, 1958 (free to members) 

H. S. INGHAM, H. S. SHEPARD. The Metco metallizing handbook. 
Sth edn. Metallizing Equipment Co. Ltd. Woking, 1958 (Price 
21s.) 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN SCOTLAND 
List of Members. Glasgow, 1958 (free to members) 


INSTITUTION OF NAVAL Arcuirects. List of Members. London, 
1958 (free to members) 
J. B. Jones, C. F. De Prisco, J. G. Tuomas. Ultrasonic welding 


of metals. Aeroproducts Incorporated Report No. 55-30 
U.S. Department of Commerce, Office of Technical Services, 
Washington, D.C., 1958 (Price $2.75) 

SHIP AND Boat BUILDER ANNUAL Review 1958 
(Publishers) Ltd. London, 1958 (Price 50s.) 


John Trundell 


TRADE CATALOGUES 


Ultrasonoscope non-destructive testing of materials 
sonoscope catalogue of ultrasonoscopes and 
Ultrasonoscope Co. (London) Ltd., Sudbourne 
Brixton, London, S.W.2 

Clearcall 20-watt; 45-watt; 100-watt amplifiers. Descriptive lists 
The British Thomson-Houston Co. Ltd., Rugby, England 

Rapier fork trucks in two sizes 18 24 and 18 33 and fork truck 
cranes. Rapier 4 standard mobile cranes for loads up to 
8,000 lb (10,000 lbh American Rating). Ransomes & Rapier 
Ltd., Ipswich and London, England 

Electronic Instruments, short form catalogue (Equipment for the 
following purposes: Sound, Noise and Vibration measurement, 
non-destructive testing, Pulse Time techniques and measure- 
ment). Cawkell Research & Electronics Ltd., Southall 

Apollo tubular box spanners; Precision tube developments 
Accles and Pollock Ltd., Birmingham 

Cut vour flame cutting costs. Oxweld blowpipes and Oxweld 
nozzles. Linde Company, Division of Union Carbide Corpora- 
tion, New York 

The manipulation of Firth-Vickers corrosion and heat-resisting 
steels. Firth-Vickers Stainless Steels, Ltd., Sheffield 

The unique Fry Flowsolder method of soldering printed circuits. 
Fry’s Metal Foundries Ltd., London 

Photography at work. Kodak Ltd., Industrial Sales Division, 
Kodak House, Kingsway, London, W.C.2 

Pantak X-rays for industry; !50 kVp Mobile X-ray equipment 
tvpe MC1IS0; 300 kVp Mobile X-ray equipment type MC 300; 
175 kVp Mobile X-ray equipment type MC175. Pantak Ltd., 
72-76 Alpha Street, Slough, Bucks 

Industrial electronic equipment. Lancashire Dynamo Electronic 
Products Ltd., Rugeley, Staffordshire 

Introducing the new Oxweld ACL-—3 Powder Lance for piercing 
and cutting ferrous and non-ferrous materials of any thickness. 
Linde Company (Division of Union Carbide Corpn.) 30 East 
42nd St., New York 17, N.Y. 

Vanual of instruction for arc welding. The James | 
Arc Welding Foundation, Cleveland 17, Ohio 
The design and construction of welded aluminium deckhouses. 
Northern Aluminium Co. Ltd., Bush House, Aldwych, 

London, W.C.3 

Gamma radiography by atomic energy. Reliable non-destructive 
testing for quality and efficiency. Nuclear Engineering Ltd., 
Greenwich Metal Works, London, S.E.7 

Complete range of engine driven welding plant. Specially recom- 
mended for site work; Sigma-Shielded inert-gas metal ar« 
welding; Quasi-Arc A.C. transformer welding equipment 
Quasi-Arc D.C. welding generators and motor generators, 
Fusarc automatic welding equipment; Unionmelt automatic 
welding equipn eat; The new Fusarc CO, au'omatic arc welding 
process; Manipulative equipment for marua' and automatic ar« 
welding; Man: a! and cutomatic welding e uipn eu, ir stalla- 
ticns, electrodes and supplies. Quasi-Arc Ltd., Bils.on, Staffs. 

Pliovyn-Plasticised P.V.C. tubing and fittings; Welding equipment 
for thermoplastic materials; Complete welding kits for thermo- 
plastic materials; Polynert—a new approach to ducting 
Rediweld Ltd., 17-27 Kelvin Way, Crawley, Sussex 

Renold chains and chain drives at work throughout industry. 
Renold Chains Ltd., Renold House, Wythenshawe, Man- 
chester 


The Ultra- 
accessories 


Road, 


Lincoln 

















Safety, fast and last! 


Those are the three virtues you’ll find in a Norton BD Reinforced Wheel. Safety in the double 
reinforcement—a strong integral fabric, and a tough safety web moulded into the hub side. 
Fast clean cutting without spalling or loading. Lasting quality that gives the maximum work 
per wheel. 

Use Norton BD Reinforced Wheels for cutting down, cleaning up and bevelling, 

rough grinding and finish grinding on welds. These versatile wheels last 

longer, cut faster, provide the greatest safety. Ask your Norton or Alfred 


Herbert representative about them—or write to us at Welwyn Garden City. 


NORTON ABRASIVES NORTON GRINDING WHEEL CO. LTD. 
Welwyn Garden City, Herts. Tel.: Welwyn Garden 4501 (10 lines) 


Enquiries also to: ALFRED HERBERT LTD., COVENTRY 


NORTON and BEHR-MANNING factories also in Argentina, Australia, Brazil, 
Canada, France, Germany, Italy, Northern Ireland, South Africa and U.S.A. 


NGW BD/135 
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Lloyds Class 1 Fusion Welding—Robey 
welding—is exhaustively tested at every stage— 
in the laboratory, by X-ray, by rigid stage- 
by-stage inspection, by hydraulic and other 
methods. The keynote is safety, but this is just 
one aspect of our welded work. Delivery- 
on-time is another. Competitive pricing a 

third. And, not least, exact fulfilment of 


specifications. / 


Things like this are taken for granted at 
Robey’s—but they make a lot of 


difference for our many customers. 


RO 


OF LINCOLN 


BEY 








+ 





Robey & Co. Ltd. Lincoln 
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Electronic Welding-Control 


with 4 dekatron \timing 


* Maximum rating 2,400 kVA. 


* For use with spot-welding or seam-welding 
machines. 


* Provides accurate control of spot-welding 
time in one-cycle steps from one to ninety 
cycles ; spot welds of half-cycle duration can 
be made by a simple adjustment. 


* For seam-welding, both heat time and cool 
time are adjustable in one-cycle steps from 
one to nine cycles. 


* Operates from single-phase, fifty-cycle supply 
(340-500 volts); weld-initiating circuit 
operates at 24 volts. 


* Wide-range fine adjustment of welding cur- 
rent while welding is in progress. 


* Visible indication on the dekatrons of weld 
duration. 





BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED + RUGBY - ENGLAND 


Member of the AL! group of companies 
A4882 
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Do you know.... 


that the men in this picture are 
showing how a game of marbles is 
started? 

Do you know, too, that anything 
new in welding is sure to be found 
in “SIF-TIPS”’? You can make 
certain of receiving the magazine 
regularly by filling in the coupon. 





THE EDITOR, “SIF-TIPS” 
SUFFOLK IRON FOUNDRY (1920) LTD 
STOWMARKET, SUFFOLK 
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Two banks of Philips semi- 
automatic welding units in 
operation using Philips C23 
electrodes. Welding continues 
without a break from one 
electrode to another. 





PHILIPS ( " ; IRON POWDER ELECTRODE 


The C23 manual or semi-automatic electrode is spe- 





FASTER WORK! 50%, to 100% faster than cially designed for very fast welds in the downhand, 
with normal mild steel electrodes. Easier, too! standing fillet, and horizontal-vertical positions. 

' vn lifts off, eliminating usual chipping and Immediate striking and re-striking of the arc. Flexible 
brushing. 


length of deposit; e.g. a standing fillet can be made 
with one electrode within the ranze 10-30” in length 
BETTER WORK ! Leaves a smooth even at the same current setting. 

weld with perfect surface finish, and excellent Chief characteristics of the electrode are : 

mechanical strength. High rate of metal deposition. 

Extremely easy slag removal. 

Ease of welding 


AT LESS COST! Saves all the way— Excellent weld appearance at all speeds. 
means more output, and a better job all round. Suitable for COR-TEN Steel. 
Reduces work before finishing to a minimum. Less sensitive to plate impurities than 


normal mild steel electrodes. 
B.S. 1719 : 1951 code No. E 927. 
The type C23 may be used on either AC or DU. 





PHILIPS ELECTRICAL LTD 


Century House - Shaftesbury Avenue - London . WC2 
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FROM BRITISH OXYGEN R BRITISnh INDUSTRY 


Always ask for 


“ALDA” 


rods and fluxes 


BRITISH OXYGEN SUPPLY ALDA 
—the famous range ot rods 

and fluxes. And a complete range 

of welding accessories— 

from goggles and gloves 

to friction lighters and wire brushes. 
ALWAYS ASK FOR ALDA. 


Write tor tully illustrated literature. 


BRI TiIsSHUo OXtYVYGEN 


British Oxygen Gases Ltd., industrial Division, Spencer House, 27 St James's Place, London, S.W.1. 


Outside back cover 





